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ABSTRACT
We characterize the metallicities and physical properties of cool, photoionized gas in a sample of 152 z . 1 strong
Lyα forest systems (SLFSs, absorbers with 15 < logNH I < 16.2). The sample is drawn from our COS circumgalactic
medium (CGM) compendium (CCC), an ultraviolet survey of H I-selected circumgalactic gas around z . 1 galaxies
that targets 262 absorbers with 15 < logNH I < 19. We show that the metallicity probability distribution function of
the SLFSs at z . 1 is unimodal, skewed to low metallicities with a mean and median of [X/H] = −1.47 and −1.18 dex.
Very metal-poor gas with [X/H] < −1.4 represents about half of the population of absorbers with 15 < logNH I . 18.
Thus, there are important reservoirs of primitive (though not pristine) gas around z . 1 galaxies. The photoionized gas
around z . 1 galaxies is highly inhomogeneous based on the wide range of metallicities observed (−3 . [X/H] . +0.4)
and that there are large metallicity variations (factors of 2 to 25) for most of the closely-spaced absorbers (∆v . 300
km s−1) along the same sightlines. These absorbers show a complex evolution with redshift and H I column density,
and we identify subtle cosmic evolution effects that affect the interpretation of metallicity distributions and comparison
with other of absorbers samples. We discuss the physical conditions and cosmic baryon and metal budgets of the CCC
absorbers. Finally, we compare the CCC results to recent cosmological zoom simulations and explore the origins of
the 15 < logNH I < 19 absorbers within the EAGLE high-resolution simulations.
Keywords: circumgalactic medium — quasars: absorption lines — galaxies: halos — abundances
1. INTRODUCTION
The distribution of metals in the circumgalactic
medium (CGM) of galaxies, and how the distribution
changes with time and density, constrains the processes
that drive galaxy evolution. Typically, metallicities are
best studied in the densest gas – which gives rise to high
column density systems – due to the diminished ability
to detect metals at lower densities. One approach to
studying the metal distribution in the rare, high column
density CGM gas is to compile an absorption-selected
sample from a blind search of observed sight lines, e.g.,
selecting on H I column density. This is complementary
to galaxy-selected studies that target QSOs behind spe-
cific galaxies (e.g., COS-Halos—Tumlinson et al. 2013;
Werk et al. 2014; COS-GASS—Borthakur et al. 2013,
2016, luminous red galaxy surveys—Chen et al. 2018;
Berg et al. 2019). The advantage of the H I selec-
tion over a metal-line selection (e.g., Mg II) is that it
does not bias the study toward high (or low) metal-
licities. Based on several studies on galaxy-absorber
relationships, low-redshift absorbers with logNH I > 15
are known to probe predominantly the gas surrounding
galaxies (e.g., Lanzetta et al. 1995; Chen et al. 2000,
2001; Penton et al. 2002; Bowen et al. 2002; Prochaska
et al. 2011; Lehner et al. 2013; Tejos et al. 2014). These
absorbers probe the denser regions of the CGM about
galaxies and the phenomena occurring therein. Thus,
they probe CGM material produced by tidally stripped
material, feedback-expelled gas, previously ejected mat-
ter that is recycling onto the central galaxy, and ac-
cretion of intergalactic gas. Understanding the origins,
chemical abundances, and physics of these absorbers
is thus critical to understanding the mixture of these
phenomena and their influence on galaxy evolution.
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The chemical abundances of gas and stars in galaxies
have been characterized for several decades (see, e.g.,
recent review by Maiolino & Mannucci 2019). Stud-
ies of the metallicities of gas around galaxies have been
much more limited and have necessarily focused on the
strongest H I column density absorbers that typically
probe the gas in the vicinity (. 50 kpc) of galaxies and
on gas at high redshifts where ground-based telescopes
can be used to study the rest-frame ultraviolet absorp-
tion (e.g., Prochaska & Wolfe 2000; Prochaska et al.
2003; Kulkarni et al. 2005; Pe´roux et al. 2006, 2008;
Rafelski et al. 2012). Prior to the installation of the Cos-
mic Origins Spectrograph (COS) on the Hubble Space
Telescope (HST), there were only ∼ 6 metallicity esti-
mates of strong H I absorbers with 15 < logNH I < 19
at z . 1 (e.g., Zonak et al. 2004; Jenkins et al. 2005;
Prochaska et al. 2005; Cooksey et al. 2008; Lehner et al.
2009). Thanks to the sensitivity of COS, the archive of
ultraviolet observations of QSOs has grown to a sizeable
level. It is now possible to assemble a sample of high col-
umn density H I absorbers at z . 1 that is sufficiently
large to not only robustly characterize the metallicity
distribution of high NH I absorbers but also determine if
and how it evolves with NH I and z. When these datasets
are compared with complementary studies of high NH I
absorbers at z > 2 (e.g., Cooper et al. 2015; Fumagalli
et al. 2016; Lehner et al. 2016; Glidden et al. 2016),
we can study the cosmic evolution of dense gas about
galaxies in the universe over several billions of years.
With the COS CGM Compendium (CCC), we have
undertaken an archival ultraviolet spectroscopic survey
of H I-selected absorbers with 15 < logNH I < 19 at
z . 1. Our main aim has been to characterize the
properties—the metallicities in particular—of the cool
gas probed by these absorbers and observed in absorp-
tion (see Lehner et al. 2018, hereafter Paper I). In
our first paper describing CCC (Paper I), we built the
largest sample to date of H I-selected absorbers with
15 < logNH I < 19 at z . 1. The sample presented
in Paper I is based on COS G130M and/or G160M
spectra, drawn largely from the first data release of
the HST Spectroscopic Legacy Archive (HSLA, Peeples
et al. 2017) available at the Barbara A. Mikulski Archive
for Space Telescopes (MAST) with some complementary
in-house data reduction (see Paper I).1
1 It is useful to consider the H I absorbers in specific NH I
ranges (e.g., to differentiate predominantly neutral from ionized
gas or using NH I as a proxy of densities), and we adopt here
the Paper I definition for the CCC absorbers (see Paper I for
the rational behind these different H I column density intervals):
Systems with 15 < logNH I < 16.2, which are the focus of this
paper, are defined as the strong Lyα forest systems (SLFSs). The
In the second paper (see Wotta et al. 2019, hereafter
Paper II), we describe the overall methodology to derive
the metallicities of the absorbers in CCC, which requires
large ionization correction since the gas is nearly fully
ionized at H I column density 15 < logNH I < 19. In
Paper II, we focus on characterizing in detail the metal-
licity distribution of the pLLSs and LLSs at z . 1.
These results strengthen the findings from our previ-
ous surveys (Lehner et al. 2013; Wotta et al. 2016,
hereafter L13 and W16, respectively). With a larger
sample, our CCC survey confirms the metallicity dis-
tribution of the pLLSs is bimodal, with a lack of gas
at ∼10% solar metallicity. However, CCC also reveals
that the functional form of the metallicity distribution
is redshift dependent since at z . 0.45 the distribution
is consistent with a unimodal distribution and only at
z > 0.45, the distribution shows two significant peaks
at [X/H] ' −1.7 and −0.4 and a dip at [X/H] ' −1.2
CCC confirms a large fraction of the CGM is metal en-
riched, as demonstrated by other studies (e.g., Stocke
et al. 2013; Liang & Chen 2014; Werk et al. 2014; Keeney
et al. 2017). However, what was not appreciated prior
to our surveys is that the pLLS and LLSs at z . 1
trace a very wide range of metallicities from chemically-
primitive gas [X/H] < −2.8 to super-solar metallicity
gas with [X/H] ' +0.4. This is in remarkable contrast
to the DLAs and SLLSs that mostly have metallicities in
the range −1.4 . [X/H] . 0 over a similar redshift inter-
val. While ”very metal-poor” gas with [X/H] < −1.4 is
rarely seen in DLAs or SLLSs at z . 1, it is as common
in absorbers with 16.2 ≤ logNH I . 18 as metal-rich
gas with [X/H] & −1. The metallicities in these very
metal-poor absorbers at z . 1 are similar to pLLSs and
LLSs and even the Lyα forest observed at z ∼ 2.3–3.5
(Lehner et al. 2016; Fumagalli et al. 2016). Thus, a sub-
set of gas in this column density range has experienced
relatively little net chemical enrichment over several bil-
lions of years, despite the fact that it is found in the
CGM of galaxies, which we expect to have been pol-
luted continuously by galaxy feedback. This also implies
that the metallicity distribution of CGM gas at z . 1
is a strong function of NH I for absorbers in the range
16.2 ≤ logNH I . 22.
In this third paper of our HST Legacy CCC program,
we now explore for the first time how the metallici-
pLLSs and LLSs have H I column densities 16.2 . logNH I < 17.2
and 17.2 ≤ logNH I < 19, respectively. The super LLSs (SLLSs)
have 19.0 ≤ logNH I < 20.3 and are intermediate between the
LLSs and the damped Lyα absorbers (DLAs) that have logNH I ≥
20.3.
2 We use the standard notation [X/H] ≡ logNX/NH−log X/H
where in CCC X is typically an α-element, unless otherwise stated.
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ties are distributed in lower NH I gas, down to about
logNH I ' 15.1. Although we would have been inter-
ested in determining the metallicities in even lower NH I
absorbers in order to be able to connect the strong
H I absorbers with Lyα forest absorbers that probe
the intergalactic medium (IGM), the signal-to-noise ra-
tios (SNRs) of the COS (or STIS) spectra are not high
enough (SNR∼ 5–30) to provide an unbiased census
of the metallicities for absorbers with logNH I . 15.1.
That is, there is a bias against measuring abundances in
low-metallicity absorbers with [X/H] < −1 gas when the
H I column density is logNH I . 15.1 given the weakness
of the metal lines (Paper I).
To derive the metallicity of the SLFSs, we follow
the methodology developed in Paper II (and see also
Crighton et al. 2015; Fumagalli et al. 2016), which com-
bines a Bayesian formalism and Markov Chain Monte
Carlo (MCMC) techniques with grids of photoionization
models to determine the ionization corrections neces-
sary to derive gas-phase metal abundance. We use the
same extreme-ultraviolet background (EUVB) so that
our analysis is consistent across the entire range ofNH I.
3
As demonstrated in Paper II for the absorbers in CCC,
while the statistical errors can be small (depending on
the observational constraints), the systematic error re-
sulting from the use of different radiation fields is at
the factor 1.5–2.5 level (0.2–0.4 dex) on average. This
is a limitation from having to derive the metallicities
in largely ionized gas. However, it is accurate enough,
e.g., to separate low from high metallicities or to en-
able a determination of the metallicity PDF of these
absorbers. A systematic error at the factor 1.5–2.5 level
on the metallicity of the absorbers is in fact comparable
to the uncertainties in chemical abundances determined
from emission lines in galaxy spectra (e.g., Berg et al.
2016; Maiolino & Mannucci 2019). In this paper, we
also show that the metallicity is not too sensitive to the
ionization conditions compared to other physical param-
eters (such as the hydrogen density, length-scale, or total
column density of hydrogen), a finding also inferred by
Fumagalli et al. (2016) in high z LLSs. We further infer
in this paper that the possible nature of the gas having
multiple ionized phases rather than the singly ionized
phase used in our modeling would not change the de-
rived metallicities by more than 0.1–0.2 dex.
3 We adopt variations in the Haardt-Madau EUVB radiation
field from quasars and galaxies—HM05 and HM12 (see Haardt &
Madau 1996, 2012). The fiducial ionization models in the CCC
surveys employ the HM05 field, though we consider the implica-
tions of adopting the HM12 field in Paper II and in this work.
Our paper is organized as follows. In §2, we describe
the sample of SLFSs and how we determine their metal-
licities. We refer the reader to 1) Paper I for the full
description of the sample and data, the measurements
of the column densities, and direct empirical proper-
ties from the observations, and 2) Paper II for the full
description of the ionization modeling of the CCC ab-
sorbers that probe the cool photoionized gas, the as-
sumptions and caveats in making these models. The
metallicity distribution of the SLFSs and evolution the
metallicities with NH I and z as well as relative abun-
dance variation of [C/α] with [X/H] are presented in §3.
In §4, we present the physical properties of the absorbers
in CCC, including their density (nH), total column den-
sity (NH), temperature, and linear scale (l ≡ NH/nH);
we also estimate in this section the cosmic metal and
baryon budgets of these absorbers. In §5 we discuss the
implications of our results, including a comparison be-
tween our CCC survey results with those of the galaxy-
selected COS-Halos survey (Werk et al. 2013; Tumlinson
et al. 2013). We also discuss in that section our results in
the context of cosmological and zoom simulations (Hafen
et al. 2017; Rahmati & Oppenheimer 2018), assessing
the plausible origins of the CCC absorbers by compari-
son with the Evolution and Assembly of GaLaxies and
their Environments (EAGLE) simulations (Schaye et al.
2015). In §6, we summarize our main conclusions and
briefly describe some of the follow-up goals with CCC.
2. DATA AND ANALYSIS
2.1. The Sample
In Paper I, we assemble a sample of 223 H I-selected
absorbers with 15.1 . logNH I < 19 at z . 1.4 In
Paper II, we focus on deriving the properties of pLLS
and LLS absorbers.5 Paper II discusses the origins of
the samples of SLLSs and DLAs that we used for com-
parison, and we refer the reader to this paper for more
information. The lower H I column density SLFSs with
4 Although CCC nominally probes absorbers with NH I rang-
ing from 1015.1 to 1019 cm−2, our survey is not complete below
logNH I . 15.3 (i.e., it does not follow the H I column density
distribution function) because high SNR spectra are required to
probe gas with [X/H] . −1 at these low H I column densities (see
§5.1 in Paper I).
5 We have removed the strong H I absorber at z = 0.278142
toward J111507.65+023757.5 from our sample owing to a more
uncertain NH I than originally estimated in Paper I. With newly
Keck HIRES observations of Mg II and Fe II and considering the
velocity structure of the metal-line absorption, it is apparent that
at least three components instead of two are needed to fit the
Lyman series. That additional component removes any constraint
from the positive velocity wing of Lyβ and it is now not possible
to constrain NH I better than logNH I = [18, 19.6] (see Berg et al.
2019 for more information).
4 Lehner et al.
15 < logNH I < 16.2 studied here likely probe the more
diffuse CGM and the transition between the CGM and
the Lyα forest/IGM. It is the first large sample of SLFSs
assembled for the purpose of studying their metallicity
distribution and physical conditions.
As presented and discussed in length in Paper I, the
QSO spectra for the SLFS sample were retrieved from
the HST/COS G130M and/or G160M archive. Several
of these QSOs were also observed from the ground with
high-resolution Keck/HIRES and VLT/UVES spectra,
which provide access to the strong NUV Mg II and Fe II
transitions. All the absorbers were uniformly analyzed
to derive the column densities of H I and metal atoms
and ions. In total, we have a sample of 152 SLFSs span-
ning the redshift range 0.2 . zabs . 0.9. The reader
should refer to Paper I for more details on the column
density estimates and redshift distribution.
2.2. Metallicity Determination
2.2.1. General Overview
To determine the metallicity for each absorber, we fol-
low the same methodology and make the same assump-
tions described and discussed in Paper I and Paper II,
with a notable difference is that we have now included
O IV in the ionization modeling when this ion is avail-
able (see below). Here we provide only a short summary
of the method and the main steps, but we encourage the
reader to check these two papers for all the information,
assumptions and caveats.
We reiterate that an important aspect of our analysis
is where possible 1) we separate individual absorbers on
the basis of our ability to cleanly resolve them from one
another at the HST/COS G130M and G160M resolution
(this allows us to study metallicity variation over small
redshift intervals, see §2.3), and 2) we estimate the H I
and metal-line column densities over the same velocity
interval defined by the velocity width of the weak, typ-
ically unsaturated H I Lyman series transitions (this is
particularly important as the strength of the metal and
H I absorption—and hence ionization or metallicity—
may drastically change with velocity, which we demon-
strate it is the case in §2.3).
Because we are interested in deriving the metallici-
ties of the cool ionized gas, we consider photoionization
as the dominant ionization mechanism. We model the
photoionization using Cloudy (version C13.02, last de-
scribed by Ferland et al. 2013), assuming a uniform slab
geometry in thermal and ionization equilibrium. The
slab is illuminated with a Haardt–Madau EUVB radi-
ation field from quasars and galaxies. The absorbers
in CCC are unlikely to be affected by leaking ionizing
photons from local galaxies since these absorbers are
typically found beyond 30–50 kpc from galaxies (e.g.
Lehner 2017) and hence beyond the escaping radiation
from these galaxies (e.g., Fox et al. 2005). Therefore, the
EUVB radiation field from quasars and galaxies likely
dominate the photoionization of the absorbers. While
we consider both HM05 and HM12 EUVB fields (see
Haardt & Madau 1996, 2012), we adopt HM05 as the
fiducial EUVB for the CCC survey.
As explained in Paper II, the photoionization mod-
eling is motivated by the findings in Paper I and L13
where we empirically demonstrate that the properties
of the low (e.g., C II, Mg II) and intermediate (e.g.,
O II, C III) ions and H I in the SLFSs are character-
istics of the gas being photoionized. As for the higher
NH I absorbers, we find that the absorption profiles of
the low ions and H I are similar; in particular there is
a good match in their peak optical depths. This also
applies to the intermediate ions most of the times, but
as for higher NH I absorbers, sometimes the bulk of the
intermediate ion absorption can be at a different veloc-
ity than that of the peak optical depth of H I; in these
cases, intermediate ions were not included to constrain
the ionization models. We note, however, that owing
to the lower NH I in SLFSs, this was a much rarer oc-
currence than for the pLLSs and LLSs. Since our main
goal is to assess the ionization correction needed to de-
termine the metallicities of the cool photoionized gas, we
ignore the higher ions that are not fitted by our models
(e.g., O VI), which are rarely explained with photoion-
ization models at the same densities than that of the
lower ions (Paper II), implying that in many cases they
can be multiple gas-phases (we will explore this in more
details in future CCC papers).
To estimate the posterior metallicity PDFs of the
SLFSs, we use Bayesian techniques and MCMC sam-
pling of a grid of Cloudy photoionization models with
the same strategy for the priors as in Paper II. Specifi-
cally, we compare predicted metal ion column densities
in a pre-computed grid of Cloudy models with obser-
vational estimates, using MCMC sampling to provide
a posterior PDF for each of the parameters. From the
PDF we report a central (median) value and confidence
interval (CI, we adopt 80% CI for lower/upper limits
on the metallicity and 68% CI otherwise). For each ab-
sorber, the inputs are NH I, zabs, and the column den-
sities of the metal ions. For NH I, zabs, and metal-ion
column densities that are well-constrained, the likeli-
hoods are calculated from Gaussian distributions cen-
tered on each of the observed ions’ column densities
with standard deviations based on their measurement
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errors.6 Metal column densities that are lower or upper
limits are modeled using a rescaled Q-function or cumu-
lative distribution function, respectively (as described in
Paper II and following Fumagalli et al. 2016).
The three main parameters in our models are the to-
tal hydrogen density (which is connected to the ioniza-
tion parameter via U ≡ nγ/nH = H ionizing photon
density/total hydrogen number density), the metallicity,
[X/H], and the carbon-to-α ratio, [C/α] (where α is an
α-element such as, e.g., O, Si, and/or Mg). We assume
solar relative heavy element abundances from Asplund
et al. (2009), except between C and α-elements. Iron or
nitrogen does not follow necessarily the nucleosynthesis
pattern of the α-elements, especially at low metallicities
(e.g., Welty et al. 1997; Lehner et al. 2001; Rafelski et al.
2012; Jenkins & Wallerstein 2017); when they did not
match the model, they were typically removed from the
input list of ions used to constrain the photoionization
models and hence the metallicities.
In the best-case scenario, we assume a flat prior on
the density (within the range −4.5 ≤ log nH ≤ 0) and
[C/α] (−1 ≤ [C/α] ≤ 1). However, as for the pLLSs
and LLSs, the observational constraints are not always
optimum, requiring additional constraints on some of
the parameters, specifically U and [C/α]. Our strategy
for these absorbers follows Paper II (and see also W16).
For absorbers with observations sufficient to constrain
strongly the ionization models, we adopted a flat prior
on U . For absorbers with insufficient constraints on the
ionization models, we follow the approach discussed for
the pLLSs and LLSs in Paper II and adopt a Gaussian
prior on logU , with the Gaussian parameters derived
from the output PDFs of logU from the well-constrained
absorbers. The approach of adopting priors on logU was
first developed by Wotta et al. (2016) to determine the
metallicities in 33 absorbers (pLLSs and LLSs) where
only H I and Mg II was available. The method was
refined in Paper II.
In the case of the CCC absorbers observed with COS
G130M and/or G160M, we are never in the situation
where Mg II provides the only metal ion constraint.
However, owing to limited wavelength coverage and/or
poor SNRs, there are cases where: 1) only C III or an-
other intermediate ion is detected (though often with
non-detections of several low and intermediate ions); 2)
only C II and C III are detected (with non-detections of
other ions); 3) there are solely upper and/or lower limits
6 All the H I column densities in our sample are well constrained,
so that we did not have to impose a flat prior value between a
minimum and maximum NH I values (e.g., Glidden et al. 2016;
Prochaska et al. 2017b).
on metal ions; 4) only Mg II is detected and all other ions
provide only upper limits (C III is often not available in
this case owing to wavelength coverage or contamina-
tion); or 5) C III and one or more singly-ionized species
are detected. In cases 3 and 5, the Bayesian MCMC
ionization models often converge with only a flat prior
on U , but the use of a Gaussian prior on logU improves
significantly the results (i.e., the models with and with-
out prior have similar median values for the metallicity,
but much smaller errors are derived with the Gaussian
prior). In the other cases, only limits can be derived,
often not constraining (e.g., [X/H] < 0), and the use of
logU Gaussian prior dramatically improves the results.
We further discuss these priors below, first by discussing
the major change from Paper II with inclusion of O IV
in the ionization modeling of some absorbers.
2.2.2. Additional Constraints
While O IV was not considered in Paper II in the
ionization modeling owing to its relatively high ionizing
energy range (54.9–77.4 eV), the combination of O II,
O III, and O IV can provide a unique constraint on the
ionization conditions. Furthermore, as we explore in this
paper lower NH I absorbers where the gas may be more
highly ionized owing to lower densities, it is important to
test whether a lack of detectable metal ions is due to the
absorbers being shifted to higher ionization states than
those often studied. That is, O IV helps us understand
if we can reliably apply a Gaussian prior on logU to
the full NH I range in CCC. Finally, with the addition
of O IV in the model, we can assess the impact that
the possible nature of the multiple gas-phase has on the
metallicity determination (such as, e.g., part of O III
being in another gas-phase than the low ions).
We therefore search for all the absorbers with a re-
ported O IV column density in Paper I (including upper
or lower limits). There are 17 SLFSs and 10 pLLSs with
the suite of O II, O III, and O IV or a combination of
those that includes O IV (see Paper I). Some of the ab-
sorbers have also coverage of O VI or O I. O I is not
detected in any of these absorbers; even though the up-
per limits on its column densities provide generally no
additional constraint, they serve as a consistency check
on the models. On the other hand, when O VI is de-
tected, the new models still fail to match NO VI derived
from the observations, implying the absorbers include
multiple gas-phases. For the absorbers with detected
O IV absorption, we check the alignment of O IV with
lower ions and H I since if there is a clear velocity shift,
it would strongly imply multiple ionization processes at
play or different densities (this is the same guideline for
intermediate ions, like C III, see above). For two pLLSs,
6 Lehner et al.
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Figure 1. Comparison of the observed and predicted O IV
column densities as a function of the metallicity. The mod-
eled O IV densities and metallicities are determined from
photoionization models derived without using O IV in these
models, and therefore any large discrepancy between the
model and observation indicates that the gas has multiple
ionized gas-phases.
the O IV is clearly shifted relative to H I and low ions
(in those cases, C III is also shifted and not used in the
ionization models); we remove them from this sample.
Prior to producing new ionization models that include
O IV, we use the results from our initial runs without
O IV to determine how the predicted O IV column densi-
ties from the models match the columns derived from the
observations. This is shown in Fig. 1 where we plot the
ratio of the observed to the predicted O IV column den-
sities for the 17 SLFSs and 10 pLLSs as a function of the
metallicities.7 For 5 SLFSs and 2 pLLS, the predicted
and observed O IV column densities are within less than
0.1–0.4 dex from each other. For 2 SLFSs, the observed
limits converge to the predicted values. For 10/17 SLFSs
and 8/10 pLLSs, the ionization models under-predict
the amount of O IV by more than 0.5 dex, implying
that O IV probes another gas-phase for these absorbers
(either lower densities photoionized or collisionally ion-
ized gas), clearly demonstrating for these absorbers the
gas has multiple ionized gas-phases. As demonstrated in
Fig. 1 there is, however, no visual correlation (confirmed
by the Spearman rank-order test) between the difference
of the observed and predicted O IV column densities and
the metallicity, implying that the possible multiple gas-
7 We use the median on logU and [X/H] to estimate the pre-
dicted O IV column densities from the ionization models, except
for the absorber with an upper limit on the metallicity where we
use the 90th value on [X/H].
phase nature of the gas must have a small effect on the
metallicity determination as we further show below.
Given the new information (O IV), we assess whether
we can avoid adopting a Gaussian prior on logU for the
six absorbers that needed this constraint before includ-
ing the O IV column densities. In all these cases, we
have enough information when including the O IV to
produce robust results using a flat prior on logU . Most
importantly, the metallicities derived in these cases with
a flat prior on logU are within 0.1–0.3 dex of those de-
rived previously using a Gaussian prior on logU . To test
how generally such agreement is found, we calculated the
best parameters using Gaussian priors on logU for 15
systems in which O IV is the least underpredicted in our
baseline models, then recalculated the best parameters
using a flat prior. In all cases we found consistent metal-
licities between the cases with flat versus with Gaussian
priors. Thus, even though the best values of logU may
differ by a few σ between the cases, the models in all
cases converged to adequate solutions that were in good
agreement. This further demonstrates the reliability of
using the Gaussian logU prior to estimate the metallic-
ities of poorly constrained absorbers.
For 5/17 SLFSs and 7/10 pLLSs, we did not find a
good match between the observations and models when
O IV was added, while for all these absorbers a good
match was found without the inclusion of O IV. In these
cases, the models with O IV converge to a solution with
the reported median metallicities changing on average
by −0.2±0.2 dex (the full range being from −0.5 to +0.1
dex). However, the predicted column densities are not
in good agreement with the observed ionic column densi-
ties (while it is when O IV is not included in the models).
Typically, in these cases there is a strong underpredic-
tion of the singly-ionized species (e.g., Mg II, O II) and a
moderate under or overprediction of O III, showing that
the models shift to too high ionization.8 This discrep-
ancy with observed column densities is good evidence
that such absorbers probe multiple ionized phases. The
ionization models for the low and intermediate ions pro-
vide, however, in these cases always an adequate solu-
tion. It is still plausible that a fraction of the column
density of the intermediate ions (in particular O III or
C III) in these cases could be in the same gas-phase
than O IV, but based on the change of the metallicity
observed when O IV is or is not included in the models,
this effect must be small on the metallicity determina-
tion. In fact, we model 3 absorbers that have infor-
8 There are two cases where the opposite is observed; in both
cases the error bars on the column densities of the low ions are
very small, driving the solution of the models.
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Figure 2. Comparison of the metallicities (top) and ion-
ization parameters (bottom) derived without and with using
O IV in the ionization modeling as a function of the H I col-
umn density. The median values of posterior PDFs of the
metallicity and logU are adopted as the central values with
68% CI. For the upper limit, the down triangle is placed at
the 90th percentile with the light-colored lines showing the
80% CI.
mation from low and intermediates ions but using only
the low ions. The difference in the median metallici-
ties between the models with just the low ions and with
both the low and intermediate were consistent within
0.1–0.2 dex, further demonstrating that the possible ef-
fect of multiple gas-phases on the derived metallicities is
small. The weaker impact on the metallicity than on the
ionization parameter (NH and nH) is a result of singly
ionized species (detected or constraining upper limits)
being very sensitive to the metallicity and not strongly
dependent on the ionization parameter owing to more
similar ionization potentials between H I and singly ion-
ized species (in particular Mg II or Si II; see also Fig. 6
in W16 and Fig. 10 in L13).
On the other hand, for 12/17 SLFSs and 3/10 pLLSs,
we find a good match between the observations and the
models that include O IV, i.e., the agreement between
the observed and modeled column densities are as good
as in the original models, but now with the addition of
O IV. In the top and bottom panels of Fig. 2, we show
the comparison of the metallicity and logU as a function
of NH I for these 15 absorbers with and without O IV in-
cluded in the ionization models. As alluded to above,
the metallicities with and without O IV do not dras-
tically change even when the logU values are in some
cases different by more than 1 dex. The addition of O IV
in the models systematically reduces the magnitude of
the error bars of the metallicities and logU . However, it
is important to note that while the inclusion of O IV or
not in the models does not change the metallicity much,
other parameters such as logU , NH, and nH are all far
more affected. The mean metallicities in this sample
with and without O IV are [−1.31,−1.25], a 0.06 dex
difference.9 However, for logU , NH, and nH the mean
values are [−1.73,−2.27], [−3.43,−2.90], [19.70, 19.10],
implying a difference in the means of 0.53, 0.53, and 0.60
dex (a factor 3–4), respectively. This contrasts greatly
compared to the metallicity estimates where the largest
differences are at the level of a factor 2–3 (see Fig. 2).
This result is not surprising (see previous paragraph),
and shows that the metallicity determination at low z
is therefore quite robust even when large ionization cor-
rections are applied.
2.2.3. Updated logU Prior and Additional Considerations
In Fig. 3, we show an updated figure of the logU me-
dian values as a function of NH I (see Fig. 2 in Paper II).
The same strong anti-correlation is observed between
the ionization parameter and NH I, with a change in
logU that decreases by ∼0.5 dex in logU over ∼3 dex
in logNH I. This implies the ionization conditions for
absorbers across this regime are still comparable across
the NH I range probed by CCC, but the scatter in logU
has increased for SLFSs and pLLSs. The updated mean
values in these NH I intervals shown in this figure are
summarized in Table 1. When applying a prior on the
less-well-constrained systems, we adopt here these up-
dated logU values even for the pLLSs and LLSs. Al-
though the results do not quantitatively change much
from Paper II, we apply these updated logU priors to
be consistent with the SFLSs and we therefore updated
9 This result also implies that if some unknown fraction of O III
or C III arises from a higher ionization phase, it would have a very
small effect on the metallicity of the gas.
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Figure 3. The logU median values as a function of NH I
for 134 z . 1 absorbers in the CCC sample. The dashed-
line shows a linear fit to the data (with a slope −0.21 and
intercept +0.85). The crosses show the mean values of the
median values in each interval NH I interval indicated by the
horizontal bar.
the results for the 128 absorbers in CCC that require a
logU Gaussian prior.
We emphasize that the Gaussian priors on logU pro-
vide adequate priors for any absorbers studied here, even
for the absorbers that may be more highly ionized with
just detection of intermediate ions rather than both low
and intermediate ions. Indeed, we show in §2.2.2 that
the metallicity is less sensitive to the ionization param-
eter variation than other parameters (NH, nH). We also
discuss above that using models that did not include
O IV, the metallicities derived with the logU Gaussian
prior are consistent with those derived with the flat prior
on logU and the inclusion of O IV in the models. Addi-
tionally, considering the SLFSs that could be modeled
with a logU flat prior, about 40% of the well-constrained
SLFSs in our sample have no low ion detected and more
than one intermediate ion detected (e.g., a combination
of C III, Si III, O III). These absorbers nearly equally
populate the logU distribution as absorbers with both
low and intermediate ions. Therefore the Gaussian pri-
ors on logU summarized in Table 1 are suitable prior for
any absorbers since they were derived using absorbers
include using low and intermediate ions or only inter-
mediate ions.
In Paper II, we also show that the [C/α] distribu-
tion for the CCC absorbers (i.e., absorbers with 15 <
logNH I < 19) where a flat prior was used on [C/α]
is well-fit by a Gaussian distribution with a mean and
standard deviation of 〈[C/α] 〉 = −0.05 ± 0.35 (see
Fig. 3 in Paper II). In Fig. 4, we show [C/α] as a
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Figure 4. The ratio of [C/α] against the H I column density
(left) and neutral fraction (right). The median values of the
[C/α] posterior PDFs are adopted as the central values with
68% CI.
function of NH I (left panel) and the neutral fraction
fH I ≡ NH I/(NH I + NH II) (right panel). There is some
evidence for a slightly larger scatter in [C/α] for the
SLFSs than for the pLLSs or LLSs. However, based
on the lack of any relationship between fH I and [C/α]
and a similar scatter in [C/α] for any fH I, the somewhat
larger scatter in [C/α] in the SLFS regime does not seem
related to the larger ionization correction at lower NH I.
Therefore the overall model of the [C/α] distribution
with single a Gaussian is adequate. (We note also that
there are only small differences in the mean and disper-
sion of [C/α] between the SLFSs and the pLLSs–LLSs.)
2.2.4. Results
We summarize the results from the MCMC models in
Table 2 for the 262 absorbers in CCC. The new results
for the pLLSs and LLSs do not change quantitatively the
results from Paper II, but we have updated the results
to be consistent with the newly derived logU Gaussian
priors in each NH I intervals (see above, Fig. 3 and Ta-
ble 1). As discussed in Footnote 5, we have also removed
one LLS from our sample owing to a more uncertain
NH I than originally estimated. Finally, we have also
updated the Mg II column density for the absorber to-
ward J135726.26+043541.3 at z = 0.328637 with newly
acquired Keck HIRES observations (see Berg et al. 2019
for more detail).
For each absorber, we list in Table 2 the sightline
name, the redshift (zabs), NH I, the metallicity, ioniza-
tion parameter (logU), and C/α ratio (when estimated).
Each quantity is reported with the 68% CI and median
values, except in the cases where we derive an upper or
lower limit where we instead report 80% CI (the highest
value of that interval corresponds to the 90% CI). When
a colon is present after the median value of logU in Ta-
ble 2, this implies that a Gaussian prior was used to
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determine the properties of the absorber (see §2.2). All
the comparison between observations and models and
corners plots and all the column densities used in the
ionization modeling for all the absorbers in CCC are pro-
vided as supplement materials (see Appendix for more
details).
2.3. Proximate and Paired Absorbers
As noted in Paper I and Paper II, several absorbers
in the CCC sample are proximate or paired absorbers,
which are absorbers near the redshift of the QSOs or two
absorbers that are close in redshift, respectively. Prior
to showing and discussing the metallicity PDF of the
absorbers, we need to determine if we can include those
in the sample or whether they have unique properties
that could bias the metallicity PDF.
2.3.1. Proximate Absorbers
There are only 13 proximate absorbers in CCC, i.e.,
absorbers with ∆v ≡ (zem − zabs)/(1 + zabs) c < 3000
km s−1, where c is the speed of light. Among these, 8
are SLFSs and the 5 others are pLLSs. None of these
absorbers have an ionization parameter or metallicity
that substantially differs from the intervening systems
in their measurable properties (see also Paper II). Since
they represent a small-size sample and their metallici-
ties are not different from the rest of the absorbers, we
elect to include them in our sample. We identify the
proximate absorbers in Table 2.
2.3.2. Paired absorbers
The paired absorbers are absorbers that are closely
separated in redshift space, specifically we define them
as ∆v ≡ |(z2abs−z1abs)/(1+z1abs) c| < 500 km s−1 (see Pa-
per I). These absorbers offer the unique opportunity to
study metallicity variation over small velocity/redshift
scale along the same line of sight. With 30 such paired
absorbers, they provide the largest sample where metal-
licity variation in absorbers closely spaced in velocity
can be assessed.
In Table 3, we list the paired absorbers, giving their
NH I, zabs, ∆v, and [X/H]. There are only 4 paired-
absorbers that involve a combination of pLLS-pLLS (3)
and pLLS-LLS (1). The remaining 26 are SLFS-SLFS
or SLFS-pLLS paired-absorbers (13 in each category).
As noted in (Paper I), the lack of a larger number of
pLLS-LLS and LLS-LLS paired absorbers is due to two
effects: 1) there is an observational bias in that it is
easier at the COS resolution to separate absorbers ro-
bustly for absorbers with lower NH I than with higher
NH I; and 2) the H I column density distribution func-
tion provides a larger number of SLFSs than pLLSs or
LLSs, making pairs of lower column density absorbers
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Figure 5. it Left: scatter plot (left) of the difference between
the higher and lower median metallicities for the closely-
redshift separated absorbers (a.k.a. paired-absorbers) as a
function of their absolute velocity difference. For the upper
limits (blue triangles), we use the lower bound of the 80%
CI to be the most conservative. Right: distribution of the
metallicity differences between paired-absorbers.
more likely in a H I-selected sample with column den-
sities in the range 15 < logNH I < 19. Some attempts
to study separately the metallicities and physical con-
ditions for a few strong H I absorbers have been made
at low z (e.g., Zahedy et al. 2019; Muzahid et al. 2015),
but often this requires to make critical assumptions on
the width of the lines in heavily blended absorbers to
attempt to determine the column densities in individual
components of the absorbers. Among the 30 absorbers
in CCC, 3 have upper limits on the metallicities where
it is unclear if there is a difference in the metallicities
between the paired-absorbers (see Table 3), and we do
not discuss these further.
To visualize and to quantify the metallicity variation
of the paired absorbers, we show in the left panel of
Fig. 5 the absolute metallicity difference (∆[X/H]) be-
tween the higher and lower median metallicities of the
paired absorbers against their absolute velocity separa-
tion and in the right panel the distribution of ∆[X/H].
There is no obvious relation between the velocity sepa-
rating the paired absorbers and the degree of metallic-
ity variation. At small velocity separation of ∼50–150
km s−1, we find ∆[X/H] varies from 0 to 1.7 dex (i.e.,
a factor > 50 variation in the metallicity). Only 3/27
(5%–25%, using the Wilson-Score test with a 90% CI;
we apply this test hereafter in this paragraph with the
same CI) absorbers show no metallicity variation (6/27;
12%–38% if 68% CI are considered). The majority of
the absorbers (14/27; 37%–68%) have a metallicity vari-
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ation in the range 0.2 . ∆[X/H] . 0.7, i.e., they show
significant change in the metallicity from a factor 1.6 to
5. Even more striking is that 10/27 (23%–54%) have
metallicity variations from a factor 6 to 25 (and at least
one with > 50). Therefore for the majority of the paired
absorbers (75%–96%), there is evidence for substantial
metallicity variations over ∆v . 300 km s−1.
The first consequence is that it is reasonable to treat
these absorbers as individual absorbers for the purpose
of determining the metallicity PDF, and accordingly we
do not treat paired absorbers as single absorbers. The
second consequence is, when possible, components in ab-
sorbers should be treated individually to derive the true
metallicity of the gas rather than a mismatch between
very different types of gaseous components. We discuss
in more detail the implication of these findings in §5.3.
3. METALLICITIES OF THE CGM ABSORBERS
AT z < 1
In this section, we focus on the metallicities of the
SLFSs. However, to understand their evolution with
NH I and z, we need to revisit the metallicities of the
pLLSs and LLSs as well as the SLLSs and DLAs. We
also combine the entire sample to consider the impli-
cations of the [C/α] distribution as a function of the
metallicities of the absorbers.
3.1. Metallicity PDF for the SLFSs and Evolution
with NH I
In Figure 6, we show the metallicity PDF of the
152 z < 1 SLFSs in CCC. This PDF is constructed
by combining the normalized metallicity PDFs of all
SLFSs. The metallicity PDF has a strong peak at
[X/H] ' −0.90 (mode of the distribution) and is nega-
tively skewed to low metallicities with a mean metallicity
(−1.47 dex) lower than the median metallicity (−1.18
dex). As in most of our PDF figures, systems for which
the distributions represent limits are shaded differently
(e.g., the portion of the PDF tracing upper limits is
shaded dark blue).
In Table 4, we summarize the mean and median metal-
licities of the SLFSs including or removing the upper
limits. We also list in Table 4 the mean, standard devi-
ation, and median values for the pLLS, LLSs, the com-
bined sample of pLLSs+LLSs, and the entire CCC sam-
ple (i.e., the SLFSs+pLLSs+LLSs). Although the mean
values are similar for the SLFSs and pLLSs, as we show
in Fig. 7, the metallicity PDF of the pLLSs is not con-
sistent with a single unimodal distribution (see also Pa-
per II). Fig. 7 shows in fact how remarkably the metal-
licity PDF of the SLFSs fills the dip of the metallicity
PDF of the pLLSs. There is a slightly larger frequency of
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Figure 6. Posterior metallicity PDF of the SLFSs at z . 1.
The shaded regions indicate the contribution from the upper
limits.
very metal-poor absorbers in the pLLS regime compared
to the SLFSs, however this is not significant: the frac-
tion of metal-poor absorbers ([X/H] < −1) is 53%–66%
for the SLFSs compared to 53%–71% for the pLLSs; the
fraction of very metal-poor absorbers ([X/H] < −1.4, see
below) is 34%–47% for the SLFSs compared to 39%–57%
for the pLLSs (all CIs are at the 90% level). The ranges
of metallicities probed by the SLFSs, pLLSs, and LLSs
are also quite similar. There is therefore a major change
in the shape of the metallicity between the SLFSs and
pLLSs, but not in the observed spread of metallicities
or the fractions of metal-poor vs. metal-rich absorbers.
However, as we show below the difference in the shape
of the metallicity PDFs is also redshift dependent.
The means and medians listed in Table 4 further
demonstrate a change of the metallicity PDF with NH I.
To observe this across the entire range of absorbers with
logNH I > 15, we show in Fig. 8 the cumulative distribu-
tion functions (CDFs) of the SLFS, pLLS, LLS, SLLS,
and DLA metallicity PDFs (see Paper II for the descrip-
tion of the estimation of the CDFs including upper and
lower limits and the description of the SLLS and DLA
samples). The CDF of the pLLSs has a slightly larger
fraction of absorbers with −2 . [X/H] . −1 than for
the SLFSs and an inflection point is present only in the
CDF of the pLLSs corresponding to the dip in the PDF
at [X/H] ' −1; otherwise both CDFs are comparable.
The CDFs show that the distributions of the metallicity
PDFs of the SLFSs and pLLSs have some differences,
but the variations of the metallicity CDFs are striking
as NH I increases in the LLS, SLLS, and DLA regimes.
Another way to examine the change of the metallicity
with NH I is to simply plot the metallicities of the ab-
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Figure 7. Posterior metallicity PDFs of the SLFSs and
pLLSs at z . 1. The shaded regions or lower black his-
tograms indicate the contributions from upper and lower lim-
its.
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Figure 8. The cumulative probabilities of the SLFSs, pLLS,
LLS, SLLS, and DLA metallicity PDFs. The wider disper-
sion in the CDFs at [X/H] < −1 and [X/H] > −1 for the
SLFSs, pLLSs, and LLSs indicates the impacts of the upper
and lower limits (see Paper II for more detail).
sorbers as a function of NH I from the SLFS to the DLA
regimes, which is shown in Fig. 9. This has the advan-
tage that one does not have to make an a priori differ-
entiation between the different absorbers according to a
H I column density definition. For the SLFSs, pLLSs,
and LLSs with well-constrained metallicities (i.e., not
including the lower and upper limits), the central val-
ues represent the median of the posterior PDFs, and
the error bars represent the 68% CI. For the upper and
lower limits, the down and upward triangles give the
90th and 10th percentiles while the vertical bar gives the
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Figure 9. Metallicities of the SLFSs (15 < logNH I < 16.2),
pLLSs (16.2 ≤ logNH I < 17.2), LLSs (17.2 ≤ logNH I < 19),
SLLSs (19 ≤ logNH I < 20.3), and DLAs (logNH I ≥ 20.3)
at z . 1 as a function of NH I. For the SLFSs, pLLSs, and
LLSs, the median values (circles) of the metallicity posterior
PDFs are adopted with 68% CI, except for lower (triangles)
and upper (down triangles) limits where the lower and upper
values represent the 10th and 90th percentiles, respectively,
with the light-colored lines showing the 80% CI. For SLLSs
and DLAs, the best estimated values with their 68% errors
are shown. The dashed line represents solar metallicity, while
the dotted line represent the very low metallicity gas, which
is defined as the 2σ lower bound of the DLA metallicities
(i.e., [X/H] < −1.4). The SLLSs and DLAs with small gray
circles have their metallicities derived from Fe II (and are
corrected by +0.5 dex, see Paper II).
80% CI. For the SLLSs and DLAs, the best estimates
with their 1σ error bars are shown (see the tabulated and
adopted values in Paper II). The horizontal dashed line
at [X/H] = 0 represents solar metallicity. The horizon-
tal dotted line at [X/H] = −1.4 represents the 2σ lower
bound of the DLA metallicities at z . 1. Following W16
and Paper II, we define absorbers with [X/H] ≤ −1.4 as
“very metal-poor” absorbers.
Figs. 8 and 9 reiterate the overall change of the
metallicities with NH I. Very-metal poor absorbers are
rarely observed at logNH I > 18, but are common at
logNH I . 18. Absorbers with metallicities in the range
−1.4 < [X/H] . 0 are observed for any NH I between
logNH I ' 15 and 22. The bulk of the DLAs (93%) and
H I-selected SLLSs (88%) at z . 1 have their metallic-
ities in the range −1 < [X/H] ≤ −0.2.10 In contrast
10 We note that there is a population of Mg II-selected SLLSs
that have solar or super-solar metallicities, see, e.g., L13; Som
et al. 2015; Quiret et al. 2016; Fumagalli et al. 2016), which are
not represented with the H I-selection of these absorbers.
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for absorbers with 15 < logNH I < 19, only 35% have
metallicities in the range −1 < [X/H] ≤ −0.2, while
58% have metallicities [X/H] ≤ −1.11
A striking feature from Fig. 9 is that the lack of data
around −1.2 . [X/H] . −0.8 is present in the pLLS
and LLS regimes, but not in the SLFS H I column
density range. This is remarkable because the separa-
tion between SLFSs and pLLSs is somewhat arbitrary
(see Paper I and Paper II), and yet for absorbers with
15.1 . logNH I < 16.2, there is no evidence of a metal-
licity gap in −1.2 . [X/H] . −0.8 range. The paucity
of data in the metallicity range −1.2 . [X/H] . −0.8 is
the only one in Fig. 9 that is statistically significant and
not filled by 1σ error bars.
3.2. Cosmic Evolution of the Metallicity at z . 1
In the above analysis, we have combined absorbers
over all redshifts at z . 1, setting aside any plausible
redshift evolution in the metallicity of these absorbers
over the redshift range probed by CCC. For the pLLSs
and LLSs (see Fig. 14 in Paper II), over 0.25 . z . 1.1
where most of the data are, the metallicity-redshift plot
does not show significant trends. However, we noted
that at z & 0.45, there is a clear lack of data around
[X/H] ' −1 (corresponding to the dip in the metallicity
PDF of the pLLSs), while at z < 0.45 there is gas present
at [X/H] ' −1 (see Fig. 15 in Paper II), implying that
the shape of the metallicity PDFs of these absorbers is
redshift dependent. We revisit this in some detail below,
comparing the metallicity PDFs of the SLFSs and pLLSs
as a function of z.
3.2.1. Evolution of the Metallicity of the SLFSs at
0.2 < z < 0.9
Prior to discussing the redshift evolution of the SLFSs,
we emphasize that contrary to the pLLSs and LLSs, the
SLFSs in CCC are solely from our original survey pre-
sented in Paper I, and hence the redshift interval probed
by SLFSs is strictly defined by our survey in the range
0.2 < z < 0.9 (this redshift range is dictated by the
need to have both high and low Lyman series transi-
tions to determine accurately NH I, see Paper I). For the
pLLSs and LLSs, additional absorbers from the liter-
ature were used, and therefore the redshift interval is
larger—0.1 . z . 1.1, even though most of the data
11 We re-emphasize that these results for the absorbers with
15 < logNH I < 19 are valid for the adopted HM05 EUVB used
in the ionization modeling. With HM12, the metallicity would
on average increase by +0.4 dex for the SLFSs and pLLSs and
by +0.2 dex for the LLSs (Paper II). The fraction of very metal-
poor gas would therefore be smaller. There would also be a larger
fraction of super-solar metallicity absorbers especially in the SLFS
regime.
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Figure 10. Metallicities of the SLFSs as a function of the
redshift of the absorbers. The median values of the metal-
licity posterior PDFs are adopted with 68% CI, except for
lower and upper limits where the lower and upper values
represent the 10th and 90th percentiles, respectively, with
the light-colored lines showing the 80% CI. The dashed line
represents solar metallicity. The dotted line represents 10%
solar metallicity, where there is a lack of pLLSs and LLSs at
0.45 < z < 1.2 (see Paper II).
are also in the range 0.2 < z < 0.9. Therefore for the
SLFSs, we do not have any information below z . 0.2
where there could be some evolutionary change in the
metallicity distribution as we discuss in §5.2.
In Fig. 10, we show the metallicity of the SLFSs as a
function of their redshift. We follow the same nomencla-
ture for the error bars as in §3.1. There are two different
clusters that are apparent from this figure. In the red-
shift range 0.2 < z . 0.65, the metallicity has no clear
trend with z. Within this redshift range, the metallic-
ity is in the range −2.6 . [X/H] . 0. At the higher
redshifts 0.65 . z . 0.8, the sample is smaller with 19
absorbers. However, it is notable that there is a lack
of high metallicity absorbers with [X/H] & −0.6 with a
metallicity range reduced to −3 . [X/H] . −0.6.
A Kolmogorov-Smirnov (KS) test on the data sets at
z < 0.65 and z ≥ 0.65 implies the metallicity in the
two samples is not similarly distributed at better than
95% CI (p = 0.023). Using a survival analysis where the
censored data (upper limits) are included (Feigelson &
Nelson 1985; Isobe et al. 1986), the mean metallicities at
z ≥ 0.65 is 〈[X/H]〉 = −1.86 ± 0.19 (error on the mean
value from the survival analysis) compared to 〈[X/H]〉 =
−1.22± 0.07 at z < 0.65. This evolution with z for the
SLFSs contrasts with the pLLSs and LLSs where no such
trend is observed over the same redshift intervals.
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3.2.2. Evolution of the Metallicity PDFs of the SLFSs and
pLLSs/LLSs
In Paper II, we note that while there is a deficit in the
PDFs of the pLLSs and LLSs near [X/H] ' −1 at z ≥
0.45, this is not the case at 0.2 < z < 0.45. Of the lower-
redshift pLLSs/LLSs, 8 of 44 (about 20%) have median
[X/H] values in the interval defined by [X/H] = −1.0±
0.1. When plotting the metallicity of the PDFs of the
pLLSs, the PDF changes from a bimodal distribution at
0.45 . z . 1 to a unimodal distribution at z . 0.45 (see
Fig. 15 in Paper II and next). In §3.1, we noted that
the metallicity PDFs of the SLFSs and pLLSs are quite
different with the metallicity PDF of the SLFSs filling
the dip of the metallicity PDF of the pLLS. However,
this interpretation does not consider the evolution of
metallicity PDF with z.
In Fig. 11, we show the comparison between the metal-
licity PDFs of the SLFSs and pLLSs above and below
several redshift thresholds, zth = 0.40, 0.45, 0.50, 0.55.
The numbers of absorbers in each redshift bin and ab-
sorber category are indicated in the figure (higher and
lower values of zth are not shown because the numbers of
absorbers would start to be quite small, in the < 10–20
range—however, we note that the general trends dis-
cussed below are still observed down to zth = 0.30 and
up to zth = 0.65). Considering first only the pLLSs, this
figure reiterates the Paper II finding that the bimodal
nature of the metallicity PDF is redshift dependent and
is prominent in the higher redshift bins. In contrast, the
metallicity PDFs of the SLFSs at z < zth and z ≥ zth
are remarkably similar for all the threshold redshifts zth
shown in this figure; only at z ≥ 0.65 would one notice
an abrupt drop to zero in the metallicity PDF around
[X/H] & −0.6 not observed for the pLLSs (a finding
discussed in §3.2.1 and observed in Fig. 10). Equally re-
markable, the metallicity PDF of the pLLSs at z < zth
is almost identical to the metallicity PDF of the SLFSs
at z < zth or z ≥ zth for zth ' 0.45 ± 0.10, implying
similar origins for the SLFSs and pLLSs.
In Fig. 12, we produce a very similar figure to that
Fig. 11 but the sample of higher column density ab-
sorbers now comprises both the pLLSs and LLSs. LLSs
exhibit a similar gap in the metallicity distribution
around [X/H] ' −1 than the pLLSs at least for LLSs
with 17.2 ≤ logNH I . 18 (see Fig. 9). The com-
bined sample of pLLSs and LLSs has a size (110 ab-
sorbers) closer to the SLFS sample size (152). Fig. 12 is
quite similar to Fig. 11 with better statistics in each
redshift bin, implying the same conclusions apply to
the combined sample of pLLSs and LLSs. Therefore
LLSs+pLLSs, and SLFSs at 0.2 . z . 0.55 have very
similar metallicity PDFs. For some reason(s), the metal-
licity PDF of the pLLSs or pLLSs+LLSs becomes bi-
modal at z & 0.45. With sample sizes in the 50–100
and samples of similar sizes in the low and high redshift
intervals, it is very unlikely that this is a random statisti-
cal anomaly. Since we employed the same methodology
to analyze all the absorbers, it is also unlikely to be a
fluke owing to some systematic uncertainties in the ion-
ization correction. Therefore, the redshift evolution in
the shape of the metallicity PDFs of the pLLSs+LLSs
appears to be real: the bimodal nature of the distri-
bution is confined to the range 0.45 . z . 1. At
z ∼ 2.3–3.5, the metallicity distributions of the pLLSs
and LLSs are consistent with a unimodal distribution
(Lehner et al. 2016; Fumagalli et al. 2016), although the
sample at these redshifts is still quite small in the range
16.2 . logNH I . 17.5. Our KODIAQ Z survey (Lehner
et al. 2016) will provide a better characterization of these
metallicity PDFs with a much larger sample. The red-
shift interval between z ∼ 1 and 2 will remain mostly
unexplored owing to the Lyman series being in the near-
ultraviolet (although a sample large enough may even-
tually arise from the HST/ACS+WFC3 survey for LLSs
that probe the redshift range 1.2 . z . 2.5, see O’Meara
et al. 2011, 2013).
3.3. Metallicity PDF of the CCC absorbers with
15 < logNH I < 19 at z . 1
If one ignores the H I column density dependence
of the metallicity PDFs between the SLFSs, pLLSs,
and LLSs, the resulting metallicity PDF of the ab-
sorbers with 15 < logNH I < 19 at z . 1 is shown
in Fig. 13. Not surprisingly, the metallicity PDF of the
15 < logNH I < 19 absorbers is not too different to that
of the SLFSs since that population of absorbers domi-
nates the sample (the mean and medians of the SLFSs
and absorbers with 15 < logNH I < 19 are indeed quite
consistent, see Table 4). The distribution is similarly
skewed toward low metallicities, but in contrast to the
SLFS metallicity PDF, it has a prominent flat-top in the
entire range −1.4 . [X/H] − 0.2.
In Fig. 14, we show the metallicity PDFs of the entire
sample at z < zth or z ≥ zth with zth = 0.45 or 0.65.
We select these two values for zth in view of the redshift
evolution seen in the pLLSs and SLFSs, respectively,
that is discussed above. For zth = 0.45, there are about
the same numbers of absorbers above and below zth.
The two distributions are not too dissimilar, but at zth ≥
0.45, the imprint of the bimodal nature of the metallicity
PDFs of the pLLSs can be observed with two peaks at
[X/H] ' −1.4 and −0.4 and a dip at [X/H] = −1. For
zth = 0.65, the number of absorbers is a factor 4 times
larger in the low redshift bin than in the high redshift
14 Lehner et al.
Figure 11. Comparison of the metallicity PDFs of the SLFSs and pLLSs above and below a given redshift threshold, zth = 0.40,
0.45, 0.50, 0.55. The numbers between parentheses indicate the number of absorbers in each redshift interval and absorber
category. Each sample is about equally affected by upper limits, but only the pLLSs with z ≥ zth are affected by lower limits
(owing to these absorbers coming from in part from the W16 sample where only Mg II could be used to estimate the metallicity
in this low-resolution survey)—the darker regions showing the upper and lower limits in Fig. 7 are not shown here for clarity.
interval. Nevertheless with 51 absorbers at z ≥ zth, the
sample is still statistically large enough to compare the
two samples. In that case, the two metallicity PDFs
are quite different. At z < 0.65, the metallicity PDF is
similar to the one at all z (albeit with a smaller flat-top
metallicity range with −1 . [X/H] . −0.2). However,
at z ≥ 0.65, the redshift evolution from both the SLFSs
and pLLSs/LLSs is clearly imprinted with a strong peak
at [X/H] ' −1.5 and a strong deficit of absorbers at
[X/H] > −1.
3.4. The [C/α] ratio as a Function of the Metallicity
To this point we have only considered the abso-
lute metallicity distributions. From our photoioniza-
tion modeling of the absorbers, we have allowed the
[C/α] ratio to vary. With our systematic methodol-
ogy to estimate [C/α], we can therefore revisit earlier
studies of the [C/α] evolution with the metallicity (L13;
Lehner et al. 2016). As discussed in L13, the [C/α] ra-
tio is sensitive to nucleosynthesis effects since there is
a time-lag between the production of α-elements and
carbon (see, e.g., Cescutti et al. 2009; Mattsson 2010
for more detail). Fig. 10 in Lehner et al. (2016) shows
that about half of the pLLSs and LLSs at both high
(2 < z . 3.5) and low z (z . 1) follow the general trend
between [C/α] and [α/H] seen in stars (e.g., Akerman
et al. 2004; Fabbian et al. 2010) and SLLSs/DLAs (e.g.,
Pettini et al. 2008; Penprase et al. 2010; Cooke et al.
2011). That trend is a decrease of [C/α] from about a
solar value (up to +0.2 dex) near solar or super-solar
metallicity to [C/α] ' −0.6 at [X/H] ' −0.5 where
[C/α] plateaus around that metallicity value up to a
metallicity of [X/H] ' −2 where an upturn is observed
in [C/α] with an increase of [C/α] to solar and super-
solar value ([C/α] & +0.2) at [X/H] ' −2.8 (see Fig. 10
in Lehner et al. 2016 and references therein for a full
discussion of the possible origin(s) of this overall trend).
However, as noted by L13 and Lehner et al. (2016), the
other half of the pLLSs and LLSs have [C/α] values clus-
tered around a solar value at any metallicity, i.e., [C/α]
is 2–5 times larger than observed in Galactic metal-poor
stars or high-redshift DLAs at similar metallicities. In
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Figure 12. Same as Fig. 11, but we now combine the sample of pLLSs and LLSs to compare with the SLFSs.
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Figure 13. Posterior metallicity PDF for the CCC ab-
sorbers with 15 < logNH I < 19. The darker region shows
the upper and lower limits.
Lehner et al. (2016), we argue this could be caused by
preferential ejection of carbon from metal-poor galaxies
into their surroundings.
In Fig. 15, we show [C/α] as a function of [X/H] for
all the absorbers in CCC where the relative abundance
and metallicity can simultaneously be constrained. Not
too unexpectedly, based on the results discussed in §2.2
and Paper II (where we show that the [C/α] distribu-
tion is well fit by a Gaussian distribution with a mean
and standard deviation of 〈[C/α] 〉 = −0.05 ± 0.35),
there is no obvious trend observed between [C/α] and
the metallicity of the gas at least for metallicities in the
range −1.8 . [X/H] . 0 where 91% of the absorbers re-
side. Since the [C/α] ratio depends on the ions C II and
C III compared to other low and intermediate ions, the
ionization correction could plausibly muddle any trend
between [C/α] and [X/H]. However, while we noted that
U moderately increases as NH I decreases (and hence the
ionization corrections are larger in the SLFS regime than
in the pLLS/LLS regime), there is no significant trend
in [C/α] with the neutral/ionization fraction of the ab-
sorbers (see Fig. 4). We also tested the results by us-
ing only absorbers with good measurements of C II and
C III (i.e., excluding lower limits or upper limits on the
column densities of C III or C II), and we still find the
same scatter of [C/α] relative to NH I, fH I, or [X/H].
Therefore the lack of trend of [C/α] with [X/H] appears
not to be affected by the large ionization corrections,
and hence differs from the observed trends in stars (e.g.,
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Figure 14. Comparison of the posterior metallicity PDFs
for the CCC absorbers with 15 < logNH I < 19 in differ-
ent redshift intervals. The shaded regions or lower black
histograms indicate the contributions from upper and lower
limits.
Akerman et al. 2004; Fabbian et al. 2010) or stronger
H I absorbers (SLLSs, DLAs; e.g., Pettini et al. 2008;
Penprase et al. 2010; Cooke et al. 2011).
Nevertheless, there are three worthy features to high-
light from Fig. 15: 1) the observed lower floor level of
the distribution is [C/α] ' −0.6, similar to that ob-
served for the stars, H II regions, and SLLSs/DLAs (see
Fig. 10 in Lehner et al. 2016); 2) the upper ceiling of
the distribution is [C/α] ' +0.5, but with a concen-
tration of data around 0 < [C/α] ∼ +0.3, not too dis-
similar from the highest values observed in stars, H II
regions, and SLLSs/DLAs; and 3) there is tentatively an
upturn in [C/α] at [X/H] . −2, which is similar to the
one observed in stars and SLLSs/DLAs (see Fig. 10 in
Lehner et al. 2016). While the latter is a tentative result
for now, our ongoing KODIAQ survey will help better
determine (or rule out) this trend for the absorbers at
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Figure 15. The [C/α] ratio against the metallicity. The
median values of the [C/α] and [X/H] posterior PDFs are
adopted with 68% CI.
z > 2–3 since the metallicity PDFs of the pLLSs and
LLSs peak at [X/H] ' −2 (Lehner et al. 2016; Fumagalli
et al. 2016). The first two points are the direct result
from the fact that the [C/α] distribution is consistent
with a Gaussian distribution. Nevertheless, it is striking
that despite [C/α] having a flat prior −1 ≤ [C/α] . 1,
the observed range is consistent with that observed in
other objects in the universe. This suggests that at least
some of the CGM gas probed by these absorbers follows
the same nucleosynthesis processes as those observed in
denser environments and stars.
4. PHYSICAL PROPERTIES AND COSMIC
BUDGETS OF THE COOL CGM ABSORBERS
AT z . 1
Our ionization models predict physical properties of
the absorbers in addition to providing the information
needed to derive the metallicities. These include the
neutral fraction of the gas (fHI), the density of the gas
(nH), the total H column density (NH ≡ NH I + NH II),
the length-scale of the cloud (l ≡ nH/NH), and the
temperature of the gas (T ). By considering the behav-
ior of the neutral fraction with column density, we can
also deduce the cosmological baryon and metal budgets
for these absorbers. As the metallicities, these physical
properties depend directly on the EUVB radiation field.
However, as we show in §2.2.2, NH and nH (and there-
fore l and fHI) are far more sensitive to the assumptions
behind ionization corrections than the metallicity (see
§2.2.2), and are therefore less robust (see also Fumagalli
et al. 2016). Comparing 113 CCC absorbers analyzed
both with the HM12 and HM05 EUVBs, we find that
the mean differences between HM12 and HM05 for NH,
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Figure 16. Posterior PDFs of the total H column density (left), H density (middle), and path-length (right) for all the combined
absorbers (SLFS+pLLS+LLS).
nH, and l lead to an average shift of −0.3, −0.2, and
−0.1 dex in these values, respectively, i.e., the system-
atic uncertainty resulting from a change of the EUVB is
somewhat smaller than for the metallicity. With these
caveats in mind, we now proceed to describe the results
for these physical parameters.
4.1. Physical Properties of the SLFSs, pLLSs, and
LLSs
For each absorber in CCC, we summarize the physical
quantities (nH, NH, l, and T ) derived from our modeling
in Table 5 (in the log nH column, a colon next to the me-
dian value indicates a Gaussian prior on logU used for
that absorber; see §2.2). In Table 6, we summarize the
statistical properties of the physical properties derived
for the entire sample (median, mean, and dispersion of
NH I, nH, NH, l, and T ) and a restricted sample where
only a flat prior on logU was used. Comparing the re-
sults from Table 6 between the entire and restricted sam-
ples, it is apparent that the results are not statistically
different. The only exception is for the LLS category,
but the reason for that is the average H I column den-
sities in the entire and restricted samples change by 0.3
dex. Therefore, below we consider the entire CCC sam-
ple, i.e., absorbers that were modeled using the flat and
Gaussian priors on logU .
In Figs. 16 and 17, we show the posterior PDFs of NH,
and nH, and l for all the absorbers and the individual
categories of absorbers in the CCC sample, respectively.
These PDFs contrast remarkably from the metallicity
PDFs as there is no evidence of prominent multiple-
peak or strongly skewed distribution for NH, nH, or l
(as well as the temperature, which we do not show in
these figures, but see Table 6). For all the absorbers, the
temperatures are scattered around 104 K, which is ex-
pected for photoionized gas; it is worth noting that this
is consistent with the upper limits on the temperature
derived from the b-values of the individual components
of H I (see Paper I and also appendix in L13).
The total hydrogen densities, column densities, and
path-lengths decrease with decreasing NH I, but their
distributions largely overlap. This is expected from the
neutral fraction relationship with NH I. The differences
between the mean logNH I for SLFSs compared with the
pLLSs and LLSs are 1.0 and 1.9 dex (a factor ∼10 and
80), respectively. However, the differences in total H
are significantly smaller, with differences ∆ logNH ≈ 0.7
and 1.0 dex (a factor ∼5 and 10). Thus, despite their
lower NH I values, the SLFSs still (moderately) con-
tribute to the total mass and baryon budgets compared
with the pLLSs and LLSs especially since they are more
numerous by a factor 5 to 10 relative to the pLLSs and
LLSs (e.g., Lehner et al. 2007; Danforth et al. 2016; Shull
et al. 2017, and see §4.2).
Using the entire sample and according to the MCMC
Cloudy modeling, the interquartile range of length-scale
of the absorbers is 0.3 . l . 3.2 kpc. Therefore the
linear size of these absorbers is consistent with occupy-
ing the CGM of galaxies at z . 1. The relatively small
scales of these absorbers also signal the need for very
high-resolution simulations to resolve these absorbers in
cosmological/zoom-in simulations.
Finally, in Fig. 18, we show the neutral fraction of
the absorbers as a function of NH I. With −3.5 .
log fH I . −1, the gas is always at least 90% ion-
ized, and most of the sample is at least 99% ionized.
Fig. 18 shows a positive correlation between fH I and
NH I, which is confirmed by the Spearman rank-order
that shows a moderate positive monotonic correlation
between fH I and NH I with a correlation coefficient
rS = 0.4–0.5 and a p-value 0.05%. We produce a
linear fit between log fH I and logNH I, which is shown
by the black dash-line as a fit to the entire set of data
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Figure 17. Posterior PDFs of the total H column density (left), H density (middle), and path-length (right) for LLSs (top),
pLLS (middle), and SLFSs (bottom).
(log fH I = (0.47 ± 0.05) logNH I − 10.21) and the red
dash-line, a fit to the data with only a flat prior on
U (log fH I = (0.36 ± 0.08) logNH I − 8.46). Within 1σ,
these two fits are similar and we adopt hereafter an aver-
age between these two fits: log fH I = 0.41 logNH I−9.3.
There is, however, a large scatter in fH I especially at
logNH I . 17.2 (i.e., for absorbers with an optical depth
at the Lyman limit τLL < 1): at logNH I < 17.2, the log-
arithmic value of the neutral fraction varies from −1.5
to < −4 dex, while for the LLSs (logNH I ≥ 17.2), it
is in the range −2.2 . log fH I . −1.2. This fit is
significantly shallower than the result reported at high-
redshift (2.5 . z . 3.5) by Fumagalli et al. (2016), who
find log fH I ∝ 0.99 logNH I, although this may in part
be due to a significant contribution from higher column
density absorbers with logNH I ≥ 19.
4.2. Cosmic Budgets
Although the baryon budget in the CGM of low red-
shift is not thought to be a major source of baryons of
the universe (5% ± 3% according to the accounting by
Shull et al. 2012), using the results from CCC, we can
re-assess the impact of the SLFSs, pLLSs, and LLSs on
the cosmological baryon and metal budgets.
4.2.1. Cosmological Baryon Budget
Following the standard methodology to estimate the
mean gas density relative to the critical density, Ωg (e.g.,
Tytler 1987; Lehner et al. 2007; O’Meara et al. 2007;
Prochaska et al. 2010), we can write:
Ωg =
µHmHH0
ρc c
∫
NH I
fH I
f(NH I)dNH I , (1)
where mH = 1.673 × 10−24 g is the atomic mass of
hydrogen, µH = 1.3 corrects for the presence of he-
lium, c = 2.9979 × 1010 cm s−1 is the speed of light,
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Figure 18. The neutral fraction of H I versus NH I. The
median values of the posterior PDFs are adopted with 68%
CI. Light blue data were estimated using a Gaussian prior
on logU , while the other data have a flat prior on logU . The
black dash-line is a linear fit to the entire set of data, while
the red dash-line is a fit to the data with only a flat prior on
logU .
ρc = 3H
2
0/(8piG) = 8.62 × 10−30 g cm−3 is the current
critical density, H0 = 2.20 × 10−18 s−1 is the Hubble
constant,12 and f(NHI) the column density distribution
function (e.g., Tytler 1987; Lehner et al. 2007; O’Meara
et al. 2007; Prochaska et al. 2010; Ribaudo et al. 2011;
Shull et al. 2017). The column density distribution func-
tion can be approximated by a power-law as f(NHI) =
C0N
−β
H I with C0 ' 4 × 107 and β = 1.48, adopting the
results from Shull et al. (2017) who have recently deter-
mined the column density distribution function for the
absorbers that include the SLFSs, pLLSs, and LLSs at
similar redshifts probed by CCC. The neutral fraction
is modeled with a linear fit log fH I = 0.41 logNH I − 9.3
(see §4.1). Integrating the above equation over the dif-
ferent NH I range of the SLFSs, pLLSs, and LLSs, we
find that Ωg ' (1.8, 2.3, 6.0) × 10−4 for the SLFSs,
pLLSs, and LLSs, respectively. For the entire range
15.1 ≤ logNH I ≤ 19, Ωg = 1.0×10−3 or Ωg/Ωb = 0.021
where Ωb = 0.0486 is the ratio of the total baryon den-
sity to the critical density, i.e., the gas of the SLFSs,
pLLSs, and LLSs contributes to only about 2.1% of the
cosmic baryons at z . 1.
While these absorbers are a very small part of the
overall baryon budget of the universe, only ∼ 5% of
the baryons are thought to be in the CGM of galaxies
(Shull et al. 2012). Thus, the combined SLFSs, pLLSs,
12 We adopt here the Planck 2015 results (Planck Collaboration
et al. 2016).
and LLSs account for about 40% of the circumgalactic
baryons. In the COS-Dwarfs and COS-Halos surveys, a
baryon accounting was undertaken, but in this case the
absorbers were selected to be within the CGM of sub-
L∗ and L∗ galaxies at z . 0.2. Using the minimal and
more conservative values from these surveys, they find a
similar fraction (20%–50%) for the low-ionization gas of
the CGM (see Fig. 8 in Tumlinson et al. 2017; and see
Werk et al. 2014; Bordoloi et al. 2014). The remaining
baryons in the CGM are thought to be predominantly
in hotter gas (e.g., Shull et al. 2012; Werk et al. 2014;
Prochaska et al. 2017b; Tumlinson et al. 2017; Bregman
et al. 2018).
4.2.2. Cosmological Metal Budget
The metal-mass density of the absorbers can be sim-
ply estimated using the baryon density via Ωm = ΩgZ
where Z = 10[X/H]Z is the metallicity of the gas in
mass units and Z = 0.0142 is the solar metallicity in
mass units from Asplund et al. (2009). Using the mean
metallicity from Table 4 (using the entire sample), we
find Ωm ' (0.09, 0.13, 2.6)×10−6 for the SLFSs, pLLSs,
and LLSs, respectively. These values can increase or de-
crease by a factor 1.4, 1.8, and 2.3, respectively, based
on a 90% CI of the population mean of the metallic-
ity. The LLS metal-mass density dominates the metal
budget because the mean metallicities and mean NH are
substantially larger than those of the SLFSs and pLLSs.
At at z ' 2.5–3.5, the LLSs with logNH I < 19 yield
Ωm ' 5.1×10−7 (Fumagalli et al. 2016). Therefore, Ωm
has increased by a factor 5 from z ' 2.5–3.5 to z . 1.
Peeples et al. (2014) estimated that star-forming
galaxies of stellar mass 108.5–1011.5 M have produced
metals at a cosmic density Ωm = 5.9 × 10−5, with
about 80% of these metals no longer in galaxies, i.e,
Ωlostm = 4.6 × 10−5. From the entire sample, the cool
CGM gas probed by SLFSs, pLLSs, and LLSs only
contributes to approximately 4% of Ωlostm . About 40%
of the SLFSs+pLLSs+LLSs have [X/H] > −1 with an
average metallicity around −0.4 dex above this thresh-
old (see Fig. 9). These high metallicity absorbers alone
contribute to about 83% of the 4% of Ωlostm . As for the
baryonic budget, the minimal values of the cool CGM
found in the COS-Dwarfs and COS-Halos surveys is
similarly low (see Fig. 9 in Tumlinson et al. 2017; and
see Peeples et al. 2014). Our summary of the metal mass
density of SLFSs, pLLSs, and LLSs accounts only for
the cool photoionized phase of these absorbers. A full
description of the metal content would require an ac-
counting of the higher ionization/hotter material, higher
H I column density gas, and dust (Me´nard et al. 2010;
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Me´nard & Fukugita 2012; Peeples et al. 2014; Tumlinson
et al. 2017).
5. IMPLICATIONS AND DISCUSSION
We have studied a sample of 262 H I-selected ab-
sorbers with 15.1 . logNH I < 19 at z . 1 (most of
the CCC absorbers being at 0.2 ≤ z ≤ 0.9) and in this
paper we have presented, for the first time, a sample of
152 SLFSs with 15 < logNH I < 16.2 at 0.2 . z . 0.9.
Each absorber in our sample has been uniformly an-
alyzed to determine the column densities of H I and
metal ions (Paper I) and using the same EUVB (HM05)
and the same Bayesian MCMC analysis technique to
determine ionization correction in order to derive the
metallicity, which reduce significantly any possible sys-
tematic uncertainty when comparing the properties of
these absorbers across several orders of magnitude in
NH I. We also show that the metallicity estimates are
less sensitive to the assumptions behind ionization cor-
rections than other physical parameters such as the hy-
drogen density, length-scale, or total column density of
hydrogen, making the metallicity a unique parameter to
probe the origins and chemical enrichment of the gas
associated with 15.1 . logNH I < 19 absorbers. Below
we discuss some of the implications of our findings and
compare them with recent cosmological simulations.
5.1. Plenty of Primitive Gas at z . 1, but No
Evidence for Pristine Gas
A striking result from CCC is that very low metallic-
ity gas is common in the CGM of 0.2 . z . 1 galax-
ies: 40%–50% of the SLFSs, pLLSs, and LLSs with
logNH I . 18 have metallicities [X/H] < −1.4, metal-
licities rarely observed in higher H I column density ab-
sorbers over the same redshift interval. About 13%–
21% of the CCC absorbers with 15 < logNH I < 19 at
0.1 . z . 1 have even metallicities [X/H] . −2. A
metallicity [X/H] ' −2 is the peak of the metallicity
distribution of the pLLSs and LLSs at 2.3 . z . 3.5
(Lehner et al. 2016; Fumagalli et al. 2016), implying
that gas in the overdense regions around galaxies has
had little or no additional chemical enrichment over ∼6
Gyr (see also discussion in Paper II). There is even
0.5%–2.8% of extremely low metallicity absorbers with
[X/H] ' −3 in CCC, which even at 2.3 . z . 3.5
would be in the lower tail of the metallicity PDF. Since
the most likely origin of this very metal-poor gas is the
IGM, it also implies that a large fraction of the IGM at
0.2 . z . 1 has remained largely unpolluted by the suc-
cessive star-formation episodes in galaxies over several
billions of years.
While very-metal poor gas probed by absorbers with
15 < logNH I < 19 is common at z < 1, the evidence for
pristine absorber (absorbers with no detectable metal
absorption in high-quality data) is lacking. Fumagalli
et al. (2011) reported the detection of two pristine LLSs
at z ∼ 3 deriving metallicities [X/H] < −4.2 and
< −3.8. Recently, Robert et al. (2019) reported an-
other pristine LLS at z ' 4.4 with [X/H] < −4.1 in a
dedicated search of extremely low metallicity gas at high
redshift. The KODIAQ Z survey of the pLLSs and LLSs
at 2.3 . z . 3.3 (Lehner et al. 2016) sets a strong upper
limit on the frequency of such pristine absorbers: the
fraction of pLLSs/LLSs with [X/H] . −4 is only 3%.
This implies that pristine gas at 2.3 < z < 3.3 is rare,
but exists.
In CCC, there is not a single absorber that can be
defined as pristine since all the absorbers have some de-
tection of metal absorption when strong transitions are
covered by the observations. This includes the “pristine
absorber” reported in Zahedy et al. (2019) and Chen
et al. (2019) (J135726.26+043541.3 at z = 0.328637 in
CCC) since we detect unambiguous Mg II and Fe II
absorption features (see Paper I and also new high-
resolution Keck observations presented in Berg et al.
2019). We derive a metallicity [X/H] = −2.58 ± 0.09
for this absorber (but see Berg et al. 2019 for a detailed
analysis and discussion), a value consistent with the up-
per limits reported in Zahedy et al. (2019) and Chen
et al. (2019). Even though this is low, this is never-
theless a factor > 20–60 higher than the metallicities
of the pristine LLSs at z ∼ 3. It is also no the lowest
metallicities in CCC. The three lowest metallicity ab-
sorbers in CCC are 1 SLFS with [X/H] = −2.76 +0.34−0.23
(J044011.90524818.0 at z = 0.865140) and 2 pLLSs
with [X/H] = −2.92 ± 0.05 (J152424.58+095829.7 at
z = 0.728885) and −2.83± 0.50 (J055224.49640210.7 at
z = 0.345149) (see also Fig. 9).13 These 3 extremely low
metallicity absorbers have all detected absorption in at
least one metal ion (e.g., O IV, C III, and/or Mg II).
With the entire CCC sample of 262 absorbers, a 90%
CI on the fraction of absorbers with no metal is < 1%,
implying that truly-pristine gas at z . 1 is scant. We,
however, emphasize that with the typical SNRs of the
COS and ground-based QSO spectra, it would be dif-
ficult to derive metallicities at z < 1 as low as those
limits reported at high z, especially for absorbers with
logNH I < 17. Nevertheless the presence of metal-line
absorption in CCC absorbers precludes such low metal-
licities anyway.
13 Another SLFS at z = 0.817046 toward -J140923.90+261820.9
has [X/H] ∼ −3, but it has a large 1 dex uncertainty.
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5.2. Comparison with COS-Halos: a Redshift
Evolution at z . 0.2–0.3?
The selection of the absorbers in the COS-Halos sur-
vey is galaxy-centric. The absorbers are selected in a
homogeneous sample of sightlines piercing the CGM of
field, ∼ L∗ (the full range being 0.3 < L/L∗ < 2)
galaxies at z ∼ 0.2 with projected distances < 160
kpc (Tumlinson et al. 2011, 2013; Werk et al. 2013,
2014). This selection contrasts from the absorber se-
lection in CCC where the absorbers are selected to have
strong enough NH I (specifically 15.1 ≤ logNH I ≤ 19)
to most likely probe the CGM/environment of galax-
ies at z < 1. This conclusion is based on the following
findings from surveys of galaxies-absorbers. First, when
surveys on the galaxy environments of these absorbers
have been undertaken, nearly all the time at least one
galaxy has been found within about 30–200 kpc at the
redshift of the absorbers (e.g., Lehner 2017; Lehner et al.
2013, 2009; Kacprzak et al. 2012; Cooksey et al. 2008).
Second, studies of the galaxy–absorber two-point cross-
correlation function have shown significant clustering
between galaxies and absorbers with logNH I & 15 while
a weak or absent clustering signal for weaker NH I ab-
sorbers (e.g., Lanzetta et al. 1995; Chen et al. 2000,
2001; Bowen et al. 2002; Prochaska et al. 2011; Tejos
et al. 2014). With different selection criteria between
CCC and COS-Halos, a comparison between these two
surveys may yield further insight on the origins of the
absorbers in CCC.
As noted in Paper I, although several absorbers in
CCC are also found in spectra that were originally ob-
tained for the COS-Halos survey, the vast majority of
these are not the absorbers that were initially targeted
to probe the CGM of the COS-Halos galaxies. There are
in fact only 9 absorbers in common between CCC and
COS-Halos surveys (see Lehner et al. 2018 for the un-
derlying reasons).14 Our identification, analysis of the
absorbers, including velocity component definition and
estimation of the metallicities, and data coaddition are
fully independent from the COS-Halos analysis. As we
show in Paper II, the choice of the HM12 over the HM05
EUVB (Haardt & Madau 1996, 2012) can lead to a dif-
ference in the metallicity on average of 0.4 dex for the
SLFSs and pLLSs and 0.2 dex for the LLSs. Thus, it
14 Among the reasons are both the redshift cutoff in CCC—
typically z > 0.2, i.e., higher redshifts than most of the COS-Halos
absorbers— and the use of only G130M and G160M observations
to derive NH I—subsequent COS G140L spectra were obtained by
the COS-Halos team to add some constraints on NH I from the
break at the Lyman limit for several absorbers (see Prochaska
et al. 2017b).
is critical to adopt the same EUVB to model the ion-
ization in order to derive metallicities when comparing
different samples.
Here we adopt the Prochaska et al. (2017b) results
that recently re-estimated NH I of several absorbers for
COS-Halos absorbers and estimated the metallicities us-
ing the same MCMC Bayesian approach than we did in
CCC. We use these new NH I results, but we re-derive
the COS-Halos metallicities using the same the HM05
radiation field and similar ions. In Table 7, we show the
comparison of NH I and metallicities between CCC and
COS-Halos (Prochaska et al. 2017b) for the 9 absorbers
in common. Overall, there is a reasonable agreement
between the two independent analyses; for 3 absorbers
with quite different NH I, we explain these differences in
the footnote of this table.
This overall agreement differs from the results of
Prochaska et al. (2017b), who found that find a differ-
ence in the metallicity PDFs compared to that of the
pLLSs/LLSs in (W16) at the 95% level. This is largely
explained by the use of the HM12 EUVB in Prochaska
et al. (2017b) and the use of the HM05 EUVB by W16.
However, there may also be a difference caused by a red-
shift evolution since the COS-Halos absorbers are mostly
at z . 0.2, while the absorbers in the W16 survey are
mostly at higher redshift (〈z〉 ' 0.6). Although in Pa-
per II we argue that for the pLLSs and LLSs there is no
strong evolution in the mean metallicity with z at z . 1,
we show in §3.2 there is some redshift dependence for the
SLFSs with a higher fraction of metal-poor absorbers at
z & 0.65 than at lower z. Therefore, to alleviate any
potential redshift evolution, we also restrict the CCC
absorbers to be at z . 0.28 (a redshift range chosen to
best match the COS-Halos redshift range with the exact
same number of absorbers, see below).
In Fig. 19, we show the comparison of the metal-
licities of the CCC absorbers at z ≤ 0.28 and COS-
Halos against NH I. Using the z cutoff on CCC re-
duces the sample to 27 absorbers, which is the same
size than the COS-Halos sample where the metallicity
has been estimated.15 The first result from Fig. 19 is
that the two surveys are not quite as different as origi-
nally shown in Prochaska et al. (2017b), owing in part
to the use of the same HM05 EUVB in our comparison.
There is still an apparent lack of very low metallicity
absorbers ([X/H] ≤ −1.4) in the COS-Halos sample, es-
pecially for absorbers in the H I column density range
15 . logNH I . 17: only < 16% (90 % CI) of the COS-
15 The COS-Halos size is different from the sample of 32 ab-
sorbers in Prochaska et al. (2017b) on account of 2 and 3 absorbers
having logNH I < 15 and > 19, respectively.
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Figure 19. Metallicities of the absorbers as a function of
the NH I for the CCC and COS-halos absorbers. For CCC,
we only show absorbers at z ≤ 0.28, which match better
the redshift distribution of COS-Halos absorbers. For COS-
Halos, we used the column densities from Prochaska et al.
(2017b), but we re-estimated all the metallicities using the
HM05 EUVB (see text for more detail).
Halos absorbers in this range have [X/H] ≤ −1.4 versus
22%–51% of the CCC absorbers. Although the mean
metallicity of this CCC sample is −1.1 dex compared to
−0.7 for COS-Halos, a two-sided KS-test implies that
the null hypothesis that the samples are drawn from
the same distribution cannot be rejected at a strong
level of statistical significance (p = 0.224). The sec-
ond result is that the metallicity–NH I plot for the COS-
Halos (and CCC) absorbers is a scatter-plot, which dif-
fers from Prochaska et al. (2017b) where they find an
anti-correlation between the metallicity and NH I for ab-
sorbers with 15 . logNH I . 18 when the ionization
models use the HM12 EUVB (see their Fig. 8): this
anti-correlation appears to be purely driven by the use
of the HM12 EUVB.
If instead we compare the entire CCC sample and
COS-Halos, a two-sided KS-test implies that the null
hypothesis that the samples are drawn from the same
distribution can be rejected at a clear level of statistical
significance with p = 0.005. This suggests that both the
redshift evolution and use of a different EUVB can ex-
plain the differences noted by Prochaska et al. (2017b).
When choosing the same EUVB and a comparable red-
shift interval, the metallicities in an H I-selection and
galaxy-centric selection of the absorbers with similar
NH I more closely overlap. While only marginally dif-
ferent, we still note a lack of very metal-poor absorbers
in COS-Halos relative to CCC, possibly pointing to a
different origin for these absorbers (maybe gas associ-
ated with less massive galaxies than probed COS-Halos
galaxies) or a strong redshift evolution that occurs at
z . 0.2 since 85% (23/27) of the CCC absorbers in
this limited sample are at 0.2 < z ≤ 0.28 (see also be-
low). For the absorbers with overlapping metallicities,
the CCC absorbers may have the same origin as the
COS-Halos absorbers.
As just alluded to, this comparison reveals that there
might be an evolutionary change around z ' 0.2 with a
smaller frequency of metal-poor absorbers. In Paper II,
we already noted that only 1 out of 4 pLLSs/LLSs at
z < 0.2 has [X/H] < −1; if we consider the z . 0.25
range, the sample of absorbers increases to 7 with still
only 1 absorber with [X/H] < −1. Obviously, this could
be the result of small number statistics (a 90% CI al-
lows for a fraction ranging from 3%–45% for a sample
size of 7 and a hit rate of 1/7). However, combined
with the COS-Halos results, the implication is that while
the metallicity distribution of the pLLSs/LLSs did not
change much over the redshift range ∼0.9 to ∼0.2 (i.e.,
over about 5 Gyr), it seems to evolve at z . 0.2 (over
the last ∼ 3.5 Gyr), with metal-poor gas much rarer in
the CGM of galaxies at z . 0.2.
We finally note that two independent surveys of the
CGM about luminous red galaxies (LRGs) at z ∼ 0.4
also reveal a mixture of low- and high-metallicity CGM
absorbers (Berg et al. 2019; Zahedy et al. 2019). Thus,
even the most massive galaxies have low and high metal-
licities in their CGM. These works do not yet find a
strong difference in the prevalence of high and low metal-
licity in these galaxies compared with lower-mass galax-
ies, but the small number of systems in the present sam-
ple precludes to make any strong conclusion.
5.3. Inhomogeneous Metal Mixing around 0.2 . z . 1
Galaxies
For the absorbers with 16.2 < logNH I < 19 in CCC,
metal-enriched and metal-poor absorbers are observed
at 0.2 . z . 1. As noted in the previous section, there
is some evidence of a turnover around z . 0.2 with a
smaller frequency of metal-poor pLLSs and LLSs, im-
plying that the metals in the halos of z . 0.2 galaxies
may be more well mixed and overall be more metal-
enriched than at 0.2 . z . 1. The metallicity range of
the pLLSs and LLSs at 0.2 . z . 1 is −3 . [X/H] ≤ 0.0,
a factor of 1, 000 variation between the highest and low-
est metallicities. A similar metallicity range is found
for the SLFS, but only at 0.2 < z . 0.65 (see §3.2.1).
At z & 0.65, the metallicity range of the SLFSs is re-
duced to −3 . [X/H] ≤ −0.6, still a factor 250 varia-
tion, but there is a lack of more metal-enriched gas with
[X/H] > −0.6. Although there is some redshift evolu-
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tion in the metallicity within z . 1, the large metallicity
variation at any z between z ' 0.2 and z ' 1 is remark-
able.
As discussed above (see also L13; Paper II; Lehner
2017), several pieces of evidence indicate that SLFSs,
pLLSs, and LLSs most likely probe the CGM of galax-
ies or small group of galaxies at z . 1.16 With the
preliminary analysis of the galaxies in the field of these
absorbers, there is no evidence yet that different mass
galaxies probe predominantly low or high metallicity ab-
sorbers. In fact, both metal-enriched and very metal-
poor absorbers have now been discovered in the CGM
of the most massive galaxies at z ∼ 0.4 (Zahedy et al.
2019; Berg et al. 2019). Therefore, the large variation
of metallicities of the SLFSs, pLLSs, and LLSs implies
seems so far unrelated to the types of galaxies that the
absorbers are associated with. Instead the large scat-
ter in the metallicities most likely arise from the wide
range of physical processes that these absorbers probe,
including metal-poor accretion, metal-enriched recycled
inflows, or metal-rich outflows. The large metallicity
scatter also implies that the metals in the CGM or intra-
cluster medium of small group of galaxies at 0.2 . z . 1
are poorly mixed.
The large variation in chemical abundance in the sur-
rounding of galaxies at z . 1 is not only apparent from
the large difference of metallicities in the SLFSs, pLLSs,
and LLSs along different sightlines, but is also com-
monly observed in closely redshift-separated absorbers
along the same sightlines. As noted in §2.3.2 (see also
Fig. 5), there are 27 paired-absorbers in CCC for which
we were able to derive the metallicity for absorbers that
are separated in velocity by < 300 km s−1. For the ma-
jority of these paired-absorbers (75%–96%), the metal-
licity varies significantly between a factor 2 to 25 over
a velocity difference ∆v . 300 km s−1 (for the major-
ity of these, the velocity separation of the paired ab-
sorbers is even smaller with ∆v . 150 km s−1, see Fig. 5
and Table 3) or a redshift difference of ∆z . 10−3
(∆z . 5 × 10−4 for the majority of the paired ab-
sorbers). Although we use a search window of ∆v = 500
km s−1 to identify paired absorbers, most of the paired
absorbers are separated by 50–150 km s−1 rather be-
ing randomly distributed between 50 and 500 km s−1,
strongly suggesting that these absorbers are not ran-
domly distributed and may instead probe the same
galaxy environment along each sightline (which may be
16 Preliminary analysis of integral field unit observations indi-
cate that in several cases—but not always—& 2–3 galaxies can be
found at the redshift of the pLLSs or LLSs, see Lehner 2017 and
references therein, and M. Berg et al. (in preparation).
within a single halo or the halo of a galaxy group). For
50 . ∆v . 150 km s−1, the gas does not escape galaxy
halos with M∗ & 109.5 M. Therefore, these paired ab-
sorbers show that in most cases the gas associated with
a single galaxy halo or at least a galaxy-scale structure
(e.g., small galaxy groups) have large chemical inhomo-
geneity. This is also observed in the CGM of LRGs
at z ∼ 0.4 where Zahedy et al. (2019) found metallic-
ity variation by a factor 2–10 in the velocity compo-
nents of about 7 out of 10 LRGs when this experiment
could be done. Individual studies of single galaxy ha-
los have found similar metallicity variations of higher
redshift galaxies at z ∼ 0.9 (Tripp et al. 2011; Rosen-
wasser et al. 2018) and z ∼ 2.4–3.5 (Prochter et al. 2010;
Crighton et al. 2013).
Thus, within a single galaxy or group mass-scale halo,
the CGM gas is frequently chemically inhomogeneous
where both metal-poor and metal-rich gas can be ob-
served at least at 0.2 . z . 1. This is consistent
with the overall picture we first advanced in Ribaudo
et al. (2011) and L13 that metal-poor and metal-rich
gas probed different physical processes (e.g., metal-poor
accreting gas versus metal-rich ejected large-scale galaxy
winds or metal-rich recycling gas). The gas is not well-
mixed over scales of 30–250 kpc corresponding to the
typical projected distances of these absorbers to the as-
sociated galaxies (Lehner 2017). Since such inhomo-
geneity appears to be common, high-resolution spectra
and detailed ionization modeling of each component are
critical to accurately determine the distribution of met-
als in the CGM of galaxies at any z.
5.4. Comparison with Cosmological Simulations
Following Paper II, we compare our results to cos-
mological zoom results from the Feedback In Realistic
Environments (FIRE) simulations (Hafen et al. 2017)
and the EAGLE simulations (Rahmati & Oppenheimer
2018). These simulations have reproduced successfully a
variety of galaxy observables (e.g., Hopkins et al. 2018;
Schaye et al. 2015) and are the first ones to explore quan-
titatively the metallicity distributions of the CGM of
galaxies at z < 1. We refer the reader to the origi-
nal papers and Paper II for more details on these sim-
ulations. Briefly, the zoom FIRE simulations of Hafen
et al. (2017) survey the CGM of 14 simulated galaxies at
z . 1. The selection of the pLLSs and LLSs in the CGM
of these galaxies follows the column density distribution
function.
The EAGLE simulations (Schaye et al. 2015; Crain
et al. 2015) are publicly available in the data release of
McAlpine et al. (2016). Here we use the EAGLE Recal-
L025N0752 high-resolution (HiRes) volume, which was
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Figure 20. Comparison of the CDFs of the SLFS, pLLS, and LLS metallicity PDFs as a function of metallicity between CCC
and EAGLE (left—this paper and see Rahmati & Oppenheimer 2018) and FIRE (right—from Hafen et al. 2017 and Z. Hafen
2018, private communication) simulations.
initially used by Rahmati & Oppenheimer (2018) to de-
termine the metallicity distribution of the pLLSs at and
LLSs. For Paper II and the present work, we select
H I absorbers from this 25-Mpc comoving volume for
comparison against the sample of CCC, choosing sight-
lines directly matching the H I column densities and
redshifts for each absorber in CCC. Both sets of simula-
tions use the same method to calculate NH I and [X/H],
where both H I density and H I-weighted metallicity
are summed onto a two-dimensional grid. While the
gridding technique is not the same method used on the
observed data where spectra are used, this technique
has been proven to reproduce reasonably well the col-
umn densities derived from mock spectra through sim-
ulations (Altay et al. 2011). It also must be noted that
the underlying H I-weighted metallicity in simulations
is not homogeneous, and that a subset of gas particles
can preferentially contain much of the very metal-rich
neutral gas.
In Fig. 20, we show the CDF for the EAGLE (left
panel) and FIRE (right panel) simulations and the CCC
observations for the SLFSs, pLLSs, and LLSs (see Pa-
per II for the SLLSs and DLAs). As noted in Paper II,
the comparison of our results for the pLLSs and LLSs
with those from the FIRE simulations shows that these
simulations severely under-predict the amount of low-
metallicity gas probed by these absorbers. This also
applies for the SLFSs. However, while the metallic-
ity CDFs of the pLLSs, LLSs, SLLSs, and DLAs are
very similar in the FIRE simulations (i.e., there is es-
sentially no evolution of the metallicity with NH I see
Paper II), the SLFS metallicity CDF departs from that
of the pLLSs and LLSs, with on average a lower metal-
licity by about 0.2 dex, showing some mild metallicity
evolution between the SLFSs and the stronger H I ab-
sorbers.
The EAGLE simulations produce a much broader
range of metallicities in the SLFSs, pLLSs, and LLSs
than FIRE. The EAGLE simulations overall compare
better with the CCC results, especially at low metallic-
ity. Although we do not show it here, there is, however,
a much stronger redshift evolution of the metallicities
of absorbers between z ∼ 0 and 1 in the EAGLE sim-
ulations than observed in CCC (see Fig. 22 in Paper II
and also Rahmati & Oppenheimer 2018). The observa-
tions of the metallicity CDFs of the SLFSs, pLLSs, and
LLSs are also nearly identical, still showing no metallic-
ity change with NH I even the lower NH I end.
Not surprisingly, similar issues as those described in
Paper II between the models and the observations are
found. In both simulations, strong feedback could cause
an overabundance of metal-enriched gas. Furthermore,
the limited resolution of these zoom simulations may
also be an issue, especially since they do not fully re-
solve the cool CGM probed by the SLFSs, pLLSs, and
LLSs. As we discuss and show in §4, the linear scale
of the SLFSs, pLLSs, and LLSs from our models at
z . 1 ranges from sub-kpc to several kpc scales (see
also Figs. 16 and 17). Considering the entire CCC sam-
ple, the mean and median linear scales are about 1 kpc
with 1σ dispersion ranging from about 100 pc to 10 kpc
(see Table 5). Furthermore as discussed in §§5.2, 5.3,
the CGM of galaxies at z . 1 is highly inhomogeneous,
which requires high resolution to model it in simulations.
Several very high-resolution zoom simulations have
been recently published (van de Voort et al. 2018;
Peeples et al. 2019; Corlies et al. 2018; Suresh et al.
2019; Hummels et al. 2019). These new simulations
achieve unprecedented mass (< 100–2 × 103 M) and
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spatial (100–1000 pc) resolution in the CGM; in mass
resolution, this is a factor 10–100 improvement in the
CGM compared to the standard zoom-simulations de-
scribed above. While these works have not yet provided
a detailed analysis of the metallicity of the CGM probed
by pLLSs and LLSs (but see Suresh et al. 2019), they
demonstrate some quantitative changes, which can im-
pact the mixing of metals, especially in the cooler and
denser regions of the CGM. For example, van de Voort
et al. (2018) show that resolution directly affects the ra-
dial profile of the H I column density at z = 0, enhancing
it at impact parameters > 40 kpc and doubling the cov-
ering factor of the LLSs. Peeples et al. (2019) show that
most of the H I absorbers at z ∼ 2 are in structures with
masses . 104 M, well below the CGM mass resolution
of the standard zoom simulations, in particular caus-
ing a more natural metal-mixing in the CGM structures
and allowing low-metallicity gas to reach regions much
closer to galaxies in the well-resolved resolution simula-
tions (see, e.g., Fig. 4 in Peeples et al. 2019). Suresh
et al. (2019) present and discuss the metallicity distri-
bution of the cold CGM phase of their single simulated
galaxy, finding a strong bimodality distribution in their
“cooling only” run. Interestingly, while the metallicity
distribution is more flattened when feedback is included,
there is still some bimodality in the CGM probed by the
pLLSs and LLSs. The bimodality in their simulations
is caused by two distinct populations of CGM gas. One
population with metallicities [X/H] & −1 has cycled
many times through the central galaxy and has been
ejected through the galaxy wind or stripped from satel-
lites. The other population with very low metallicity gas
([X/H] . −2), has never been accreted by the galaxy.
Although this result generally confirms our interpreta-
tion of the bimodal metallicity distribution of the pLLSs
and more generally the presence of both low and high
metallicity gas in the CGM of galaxies at z . 1, there
are some major caveats to these findings. The Suresh
et al. simulation is for a single massive halo at z = 2.25.
The KODIAQ-Z H I-selected sample of pLLSs and LLSs
at z ∼ 2–3.5 does not have a prominent high metallic-
ity peak at [X/H] ∼ −0.3 as observed in these simula-
tions (Lehner et al. 2016, and see also Fumagalli et al.
2016; Cooper et al. 2015; Glidden et al. 2016 for strong
LLSs and SLLSs). The H I-selected observations almost
certainly draw from a very different galaxy mass dis-
tribution, and the sample is still small (31 absorbers).
This makes detailed comparisons premature. We are
currently increasing the size sample of absorbers at high
z, which should reach a sample size similar to CCC and
cover the same range of H I column densities; so we will
be able to determine more robustly the metallicity PDF
of these absorbers at z ∼ 2–3.5.
Some of the conclusions from these high-resolution
simulations are still tentative in view of a single halo
studied and having not always a realistic feedback imple-
mentation. Yet, it is encouraging to see that the forced
refinement simulations may have reached a resolution in
the CGM that is sufficient to more realistically charac-
terize in the future the nature and origin of the metal
distributions in the cool CGM gas of simulated galaxies.
5.5. Location of the Strong H I Absorbers in the
EAGLE Simulations
Although we identify some issues regarding the metal-
licities of the absorbers between the EAGLE HiRes cos-
mological simulations and the CCC observations (see
§5.4), it is still useful to use the cosmological volume
probed by these simulations to learn about the location
and origin of the strong H I absorbers, especially since
these simulations have otherwise shown a reasonably
good level of agreement for a wide variety of observa-
tions, including the H I distribution of absorbers above
1016 cm−2 (Rahmati et al. 2015) and metal absorber col-
umn density distributions (Rahmati et al. 2016). This
model is calibrated to reproduce galaxy properties, and
in this context, we explore below the location of the
strong H I absorbers within these simulations.
The mean (standard deviation) and median redshift of
the CCC absorbers are 〈zabs〉 = 0.49±0.19 and 0.45. We
therefore calculate absorber metallicities as described in
Rahmati & Oppenheimer (2018) (and see §5.4) using the
closest snapshot to the mean redshift in CCC, z = 0.503.
Briefly, the column density maps of 10, 000×10, 000 pix-
els are calculated for each of 8 slices corresponding to
1/8th the simulation volume (∼ 2 Mpc in depth), and
H I-weighted metallicities are calculated. The Haardt
& Madau (2001) ionization background is applied with
the Rahmati et al. (2013) self-shielding correction.17 We
also determine the environment of an absorber by de-
termining whether it arises from inside a halo of mass
greater than M200 = 10
10.5 M, where M200 is the halo
mass calculated summing the mass within a region with
200× the critical density of the Universe. We sub-divide
17 It is crucial for the model to reproduce the number density of
Lyα forest (Danforth et al. 2016), the average Lyα flux decrement
(Kirkman et al. 2007), as well as stronger absorbers where mea-
surements are available in the pLLS range (Shull et al. 2017). For
the EAGLE HiRes volume, we find the Haardt & Madau (2001)
background does a very good job of reproducing these three obser-
vations of H I in the low-redshift (z < 0.5) Universe, motivating
the use of this field intensity. Although the ionization modeling
in this work applies the HM05 field, only the intensity matters for
the simulations since H I-weighted metallicities are plotted.
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Figure 21. Origins of H I absorbers in the EAGLE simulations. Metallicity distribution histograms are shown at each column
density range into halo mass categories of 1 dex difference (the M200 ≤ 1010.5 M interval includes dwarf galaxies and IGM).
Note that the small peak at [X/H] = −4 is an artificial grouping of all absorbers with this metallicity and below (we also caution
that EAGLE does not include metal diffusion nor can adequately track the pre-reionization enrichment from the first stars and
galaxies, which makes predictions for these very low metallicities unrealistic and likely under-estimated).
our metallicity distribution histograms (MDHs) at each
column density range into halo mass categories spanning
1 dex. Any absorber that is outside a halo or associ-
ated with a halo less massive than M200 = 10
10.5 M is
grouped into the “IGM” category (which is the reason
we use systematically IGM between quotation mark in
this section).
Six MDHs corresponding to different column density
ranges are displayed in Fig. 21 from Lyα absorbers
(absorbers with logNH I < 15) in the lower left to
the DLAs in the upper right. Only absorbers with
14 ≤ logNH I ≤ 15 have a positive skewed distribution
with a mode at [X/H] ∼ −2.3 compared to a mode of
−0.6 dex for the stronger H I absorbers. The absorbers
with 15 < logNH I < 19 have a skewed metallicity distri-
bution, but with a tail to low metallicity that becomes
more prominent as NH I decreases (which is reminiscent
of the metallicity PDF that combines all the CCC ab-
sorbers shown in Fig. 13). However, in the EAGLE sim-
ulations, there is a larger preponderance of metallicities
[X/H] < −2 for the SLFSs than the pLLSs that is not
observed in CCC (we also note that for the SLFSs, we
are less sensitive to gas with [X/H] < −2.5, so it is un-
known if we would observe such a large preponderance
of [X/H] < −2.5 metallicities in this regime, especially
if it is dominated by 15 < logNH I < 15.3 absorbers).
The DLAs have a normal distribution (also consistent
with the observations).
When sub-divided by environment, the MDHs be-
comes dominated by “IGM” absorbers (IGM or galaxy
halos with M200 < 10
10.5 M) for the typical Lyα ab-
sorbers and the SLFSs, especially those with low metal-
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licities ([X/H] < −1). In fact a prediction of the sim-
ulations is that MDHs inside halos (the CGM) have
relatively similar metallicity distributions for NH I ≈
1019 cm−2 and below, but “IGM” absorbers with lower
metallicities than [X/H] . −1.5 become more signifi-
cant for SLFSs and dominant in the Lyα forest. Sub-
dividing within the CGM, we see metallicities peak at
[X/H] ≈ −1 for low-mass halos hosting sub-L∗ galax-
ies (M200 = 10
10.5–1011.5 M), while for more mas-
sive halos (M200 > 10
11.5 M), the metallicities peak
at [X/H] ≈ −0.6. It is also interesting that sub-L∗ halos
have more DLAs than pLLSs/LLSs relative to higher
mass halos.
The EAGLE HiRes simulations therefore further
demonstrate that a majority of the pLLSs and LLSs
arise in the halos of M200 > 10
10.5 M galaxies at
z . 1. For the SLFSs, a large fraction also arises
in the M200 > 10
10.5 M galaxies, but an important
portion (especially for the SLFSs with [X/H] < −1)
originates in lower mass halo galaxies or the IGM. We
look forward to the impending observational surveys
that will begin associating H I CCC absorbers with the
properties of galaxies at z . 1 to further learn about
the origins of these absorbers and their origins compare
with cosmological simulations.
6. SUMMARY AND CONCLUDING REMARKS
Using the archive of HST/COS G130M and G160M
data as well as additional data from HST/STIS,
FUSE, and HST/COS G140L, we have built the
largest database to date of H I-selected absorbers with
15 < logNH I < 19 at z . 1 (with a mean and standard
deviation redshift of 〈zabs〉 = 0.49 ± 0.19 and most of
the absorbers being in the redshift range 0.2 ≤ z ≤ 0.9),
which constitutes CCC. About 88% of the CCC data
(231 absorbers) come from COS G130M and/or G160M,
showing how the medium resolution grating of COS has
revolutionized this field thanks to the COS sensitivity
in the FUV mode. For about half of our sample ob-
served with COS G130M and/or G160M, we have also
collected or used archival high-resolution Keck/HIRES
and VLT/UVES observations that cover the strong
NUV transition of Mg II and Fe II.
The H I selection and the H I column density range
both ensure that no bias is introduced in the metallic-
ity distribution of these absorbers, i.e., we are sensitive
to any absorbers with [X/H] & −3. For each absorber
of the 152 SLFSs, 82 pLLSs, and 28 LLSs in CCC, we
estimated the column densities of H I and low and in-
termediate ions that probe the cool photoionized gas
probed by the SLFSs, pLLSs, and LLSs (summarized in
Paper I). Importantly, as much as possible, we estimate
the column densities in individual components defined
by the velocity width of the weak, typically unsaturated
H I Lyman series transitions (at the COS resolution) and
therefore evaluate the metallicity in individual compo-
nents.
In this paper and Paper II, we employ a Bayesian for-
malism that uses MCMC sampling of a grid of Cloudy
photoionization models (where we assume photons from
the HM05 EUVB provide the source of photoionization)
to derive the posterior PDFs of the metallicities and
other physical quantities. This technique provides ro-
bust posterior PDFs and uniformly estimates the con-
fidence intervals of each physical quantity and metal-
licity. As part of our ionization correction modeling,
we have developed a new method (the “low-resolution”
method) to derive the metallicities that can be used for
absorbers for which the constraints from the metal ions
are less than ideal (W16; Paper II; this paper). Using
absorbers with reliable constraints from the metal ions,
we find that logU can be reasonably well modeled by a
Gaussian for the absorbers in CCC (see Paper II). Ap-
plying this method to a sample with well-constrained
absorbers, we demonstrate a good match in the results
between the low-resolution and detailed approaches. We
caution, however, to not use this method blindly at
higher redshifts (where the logU PDFs are different,
Lehner et al. 2016; Fumagalli et al. 2016) or other NH I
ranges (where the logU PDFs might also be different).
We also explore the effects of changing the EUVB to es-
timate the metallicities, which can be as large as 0.4 dex
and 0.2 dex for the SLFSs/pLLSs and LLSs on average,
respectively (when comparing the results derived using
the HM12 and HM05 EUVBs; the magnitude of this dif-
ference is likely to change with other EUVBs). We also
show that the metallicity is much less sensitive to the
ionization parameter than the densities, total hydrogen
column densities, or length-scales of the absorbers (see
§2.2.2). Finally, while we make the assumption that the
modeled ions are in a single gas-phase, we show that the
situation can be more complicated when several ioniza-
tion stages are observed (e.g., O II, O III, O IV) with
different ionized gas-phases (see Fig. 1). However, in
this case, based on our study of the O IV and model-
ing of absorbers using only low ions, we estimate that
the effect of the multiple gas-phases on the metallicity
is on average not larger than 0.1–0.2 dex, making the
metallicity a robust probe of the chemical enrichment
and origins of the absorbers.
In this paper, we focus on the gas probed by 152
SLFSs at z < 1. Beyond their redshift evolution, this
class of absorbers has never been studied in any detail
before. With H I columns intermediate between the
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Lyα forest absorbers (IGM) and the stronger H I ab-
sorbers probed the pLLSs and LLSs, the SLFSs allow
us to characterize and understand the transition from
the inner, denser, and often closer regions of galaxies to
the more extended, more diffuse regions around galax-
ies. As part of this analysis, we revisit the metallicity
PDFs of the stronger absorbers (pLLSs, LLSs in partic-
ular). We also compare our results with the COS-Halos
survey and with results from state-of-the-art cosmolog-
ical simulations. Our main findings can be summarized
as follows.
1. We derive the metallicity of each SLFS at z . 1 and
combine them, resulting into a unimodal skewed distri-
bution to low metallicities with a mode [X/H] ' −0.90.
The mean and median metallicities are −1.47 and −1.18
dex, respectively. Over the entire redshift range at
z . 1, the functional form of the metallicity PDF for the
SLFSs is remarkably different from the bimodal metal-
licity PDF of the pLLSs with the SLFS metallicity PDF
peaking in the dip of the pLLS metallicity PDF.
2. We find there is some evolution of the metallicities
with redshift. For the SLFSs, at z ≥ 0.65, there is a
lack of metal enriched ([X/H] > −1) absorbers with a
mean metallicity [X/H] = −1.86 ± 0.19 (error on the
mean) compared to −1.22 ± 0.07 at 0.2 . z < 0.65.
This is not observed in the pLLSs or LLSs. However,
for the pLLSs and LLSs, the metallicity PDF changes
with z: at z & 0.45, the metallicity PDF of the combined
sample of pLLSs and LLSs (or the sample that includes
only the pLLSs) is bimodal, while at z . 0.45, it is
not only unimodal, but it also matches the metallicity
PDF of the SLFSs. Therefore the bimodal nature of the
metallicity PDF of the pLLSs is redshift dependent and
occurs only at 0.45 . z . 1.
3. The range of metallicities (−3 . [X/H] ≤ +0.4) and
the fractions of metal-poor (50%–70% for [X/H] < −1
gas) and very metal-poor (40%–50% for [X/H] < −1.4
gas) absorbers are quite similar in the SLFS, pLLS, and
LLS (with logNH I . 18) regimes. The photoionized
gas around z . 1 galaxies probed by absorbers with
15 < logNH I . 18 is therefore highly inhomogeneous
and contains a large reservoir of primitive gas.
4. Our sample contains 30 closely redshift-separated ab-
sorbers (∆v . 100–300 km s−1) along the same sight-
lines. For the majority of these paired-absorbers (75%–
96% at 90% CI), the metallicity variation between the
paired absorbers is significant, varying by a factor 2
to 25. Both the large metallicity range and metallic-
ity variation between paired absorbers imply that the
gas around z . 1 galaxies (i.e., the CGM, intragroup
gas between small group of galaxies) is therefore not
chemically homogeneous.
5. While there is plenty of primitive gas around z . 1
galaxies, the evidence for pristine gas (i.e., no absorption
from strong metal transitions in good quality spectra) is
scant. The fraction of pristine absorbers is < 1% at the
90% confidence level over the range 15 < logNH I < 19.
6. We estimate the posterior PDFs of NH, and nH, and
l ≡ NH/nH for all the individual absorbers and cate-
gories of absorbers in the CCC sample. These PDFs
are consistent with unimodal distributions, contrasting
remarkably from the metallicity PDFs of the same ab-
sorbers. The H densities, H column densities, and path-
lengths decrease with decreasing NH I, but greatly over-
lap. This is expected from the neutral fraction rela-
tionship with NH I. The interquartile range of the path-
length of the CCC absorbers is 0.3 . l . 3.2 kpc, con-
sistent with galaxy CGM-scales.
7. We estimate that the combined photoionized compo-
nents of SLFSs, pLLSs, and LLSs account for about 40%
of the CGM baryons, while contributing only to about
2.1% of the cosmological baryon budget. The cool CGM
gas probed by SLFSs, pLLSs, and LLSs only contributes
to 4% of the cosmic metal density lost by galaxies, a
value similar to those found in the COS-Dwarfs and
COS-Halos surveys.
8. We compare the CCC results with the COS-Halos
survey. Using the same ionizing background and re-
stricting the sample of CCC absorbers to be at z ≤ 0.28,
the CCC and COS-Halos absorbers have similar metal-
licity PDFs. We argue that this implies that the CGM
might be more homogeneous, with a smaller fraction
of metal-poor ([X/H] < −1) gas at z . 0.2 than at
0.2 < z . 1. The smaller fraction of metal-poor ab-
sorbers is also tentatively observed in CCC where we
find only 1 out of 7 absorbers with [X/H] < −1 at
z . 0.25.
9. We compare the CCC empirical metallicity PDFs to
those of the FIRE and EAGLE simulations, finding sim-
ilar issues highlighted in Paper II, including a lack of
the metallicity PDF evolution with NH I, a lack of very
metal-poor absorbers in the FIRE simulations, and a
strong evolution of the metallicity with z in the EAGLE
simulations that is not observed in CCC. The EAGLE
simulations produce, however, a much broader range of
metallicities than observed in FIRE at both low and high
metallicities.
10. Using the EAGLE HiRes cosmological simulations
at z ' 0.5, we find that the majority of the absorbers
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with 16.2 < logNH I < 22 arise in the CGM of galaxies
with M200 > 10
10.5 M. In the SLFS regime, a large
fraction still arises in the CGM of galaxies with M200 >
1010.5 M, but a substantial number of the SLFSs, es-
pecially at very low metallicity ([X/H] < −1.4), ap-
pears to originate in the IGM or dwarf galaxy halos with
M200 < 10
10.5 M. At logNH I < 15, the great majority
of the Lyα forest absorbers arise in the IGM as expected
from the observations.
With this paper, we have completed the first phase
of CCC. The unprecedented large scale of this survey
has shed new light on the gas around z . 1 galaxies.
We found in particular that low metallicity gas is not
rare around z . 1 galaxies, and, in fact, as important
as metal-enriched gas, at least in the H I column range
15 < logNH I . 18.5. Since the low metallicity gas is
now found down to ∼ 1015.1 cm−2, this strongly sug-
gests that the source of the low-metallicity gas is the
IGM. This naturally leads to conclude that the z . 1
IGM has a metallicity that is below [X/H] < −1.4, al-
though it would be difficult to demonstrate it without
a new telescope that would provide a large sample of
SNR> 100–200 ultraviolet z . 1.5 QSO spectra (e.g.,
LUVOIR18). According to EAGLE simulations shown
in this paper, the metallicity of the IGM probed Lyα-
forest absorbers at z ∼ 0.5 peaks around [X/H] ' −2.3
(see Fig. 21), well below the metal-detection sensitivity
for absorbers with logNH I < 15. Observations and sim-
ulations have shown that gas with 15 < logNH I < 19
is typically found around galaxies, and likely gravita-
tionally bound in galaxy halos. Such gas is therefore a
likely source of fuel for continued star formation within
galaxies over billions of years.
This series of CCC papers also raises some new ques-
tions. Why do the metallicity distributions of the pLLSs
and LLSs evolve from a unimodal PDF at z > 2 (Lehner
et al. 2016; Fumagalli et al. 2016) to a bimodal PDF
at 0.45 < z < 1.0 to a unimodal PDF at z < 0.45?
Is the bimodal nature of the metallicity distribution a
last imprint of the peak of star-formation rate of galax-
ies? Why does the metal-poor CGM gas appear to be
scarcer at z < 0.2 than at higher redshift? There are
also several aspects still left to explore for a more com-
plete picture of the gas surrounding z < 1. In this pa-
per we have touched on the multiple gas-phase nature
of 15 < logNH I < 19 absorbers, but that included only
photoionization processes. Many absorbers have O VI or
other high ions that cannot be easily fit with a photoion-
ization model. In a pilot study using the L13 sample,
18 See https://asd.gsfc.nasa.gov/luvoir/.
Fox et al. (2013) find the detection rate of O VI absorp-
tion associated with pLLSs at z < 1 is about 70%–80%,
i.e., pLLSs probe multiple gas phases (and based on the
spectra shown in L13, we expect a similar frequency in
the SLFSs and LLSs). With our new follow-up HST
Legacy program of CCC, one of our goals will be to
quantify the dichotomy in the multiphase gas properties
between metal-poor and metal-rich absorbers to better
understand the relationship of high ionization gas to ac-
cretion and feedback structures.
ACKNOWLEDGEMENTS
We thank the referee for useful recommendations, in
particular for the suggestion to study the impact of
the plausible multiple gas-phase nature of the gas on
the metallicity estimates using single-phase ionization
modeling. We greatly appreciate help from and thank
Xavier Prochaska and Michele Fumagalli in assisting
implementing the Bayesian MCMC software. We are
also grateful to Zach Hafen for sharing and helping with
the data from the FIRE simulations and for providing
useful comments. We thank the EAGLE consortium
for making the simulations available. Support for this
research was provided by NASA through grants HST-
AR-12854 and HST-AR-15634 from the Space Telescope
Science Institute, which is operated by the Associa-
tion of Universities for Research in Astronomy, Incor-
porated, under NASA contract NAS5-26555. BDO ac-
knowledges support by the HST theory grant HST-AR-
13262 and KLC acknowledges support from NSF grant
AST-1615296. This material is also based upon work
supported by the NASA Astrophysical Data Analysis
Program (ADAP) grants NNX16AF52G under Grant
No. AST-1212012. Based on observations made with
the NASA/ESA HST, and obtained from the Hubble
Legacy Archive, which is a collaboration between the
Space Telescope Science Institute (STScI/NASA), the
Space Telescope European Coordinating Facility (ST-
ECF/ESA) and the Canadian Astronomy Data Centre
(CADC/NRC/CSA). This work was also supported by a
NASA Keck PI Data Award, administered by the NASA
Exoplanet Science Institute. Some of the data presented
in this work were obtained from the Keck Observa-
tory Database of Ionized Absorbers toward QSOs (KO-
DIAQ), which was funded through NASA ADAP grants
NNX10AE84G and NNX16AF52G. Some of the Keck
data presented herein were obtained at the W. M. Keck
Observatory from telescope time allocated to the Na-
tional Aeronautics and Space Administration through
the agency’s scientific partnership with the California
Institute of Technology and the University of California.
The Observatory was made possible by the generous fi-
30 Lehner et al.
nancial support of the W. M. Keck Foundation. The
authors wish to acknowledge the significant cultural role
that the summit of Maunakea has always had within the
indigenous Hawaiian community. We are most fortunate
to have the opportunity to conduct observations from
this mountain. Based also on observations collected at
the European Southern Observatory under ESO pro-
gram 0100.A-0483(A,B) and archival programs 076.A-
0860(A), 075.A-0841(A), 293.A-5038(A). This research
was finally supported by the Notre Dame Center for
Research Computing through the Grid Engine software
and, together with the Notre Dame Cooperative Com-
puting Lab, through the HTCondor software; we espe-
cially thank Dodi Heryadi and Scott Hampton for their
assistance.
Software: Astropy (The Astropy Collaboration et al.
2018), emcee (Foreman-Mackey et al. 2013), Matplotlib
(Hunter 2007), PyIGM (Prochaska et al. 2017a)
Facilities: HST(COS), Keck(HIRES), LBT(MODS),
VLT(UVES)
REFERENCES
Akerman, C. J., Carigi, L., Nissen, P. E., Pettini, M., &
Asplund, M. 2004, A&A, 414, 931
Altay, G., Theuns, T., Schaye, J., Crighton, N. H. M., &
Dalla Vecchia, C. 2011, ApJL, 737, L37
Asplund, M., Grevesse, N., Sauval, A. J., & Scott, P. 2009,
ARA&A, 47, 481
Berg, D. A., Skillman, E. D., Henry, R. B. C., Erb, D. K.,
& Carigi, L. 2016, ApJ, 827, 126
Berg, M. A., Howk, J. C., Lehner, N., et al. 2019, ApJ,
arXiv:1811.10717, in press
Bordoloi, R., Tumlinson, J., Werk, J. K., et al. 2014, ApJ,
796, 136
Borthakur, S., Heckman, T., Strickland, D., Wild, V., &
Schiminovich, D. 2013, ApJ, 768, 18
Borthakur, S., Heckman, T., Tumlinson, J., et al. 2016,
ApJ, 833, 259
Bowen, D. V., Pettini, M., & Blades, J. C. 2002, ApJ, 580,
169
Bregman, J. N., Anderson, M. E., Miller, M. J., et al. 2018,
ApJ, 862, 3
Cescutti, G., Matteucci, F., McWilliam, A., & Chiappini,
C. 2009, A&A, 505, 605
Chen, H.-W., Lanzetta, K. M., & Ferna´ndez-Soto, A. 2000,
ApJ, 533, 120
Chen, H.-W., Lanzetta, K. M., Webb, J. K., & Barcons, X.
2001, ApJ, 559, 654
Chen, H.-W., Zahedy, F. S., Johnson, S. D., et al. 2018,
MNRAS, 479, 2547
Chen, H.-W., Johnson, S. D., Straka, L. A., et al. 2019,
MNRAS, 484, 431
Cooke, R., Pettini, M., Steidel, C. C., Rudie, G. C., &
Nissen, P. E. 2011, MNRAS, 417, 1534
Cooksey, K. L., Prochaska, J. X., Chen, H.-W., Mulchaey,
J. S., & Weiner, B. J. 2008, ApJ, 676, 262
Cooper, T. J., Simcoe, R. A., Cooksey, K. L., O’Meara,
J. M., & Torrey, P. 2015, ApJ, 812, 58
Corlies, L., Peeples, M. S., Tumlinson, J., et al. 2018, arXiv
e-prints, arXiv:1811.05060, submitted to the ApJ
Crain, R. A., Schaye, J., Bower, R. G., et al. 2015,
MNRAS, 450, 1937
Crighton, N. H. M., Hennawi, J. F., & Prochaska, J. X.
2013, ApJL, 776, L18
Crighton, N. H. M., Hennawi, J. F., Simcoe, R. A., et al.
2015, MNRAS, 446, 18
Danforth, C. W., Keeney, B. A., Tilton, E. M., et al. 2016,
ApJ, 817, 111
Fabbian, D., Khomenko, E., Moreno-Insertis, F., &
Nordlund, A˚. 2010, ApJ, 724, 1536
Feigelson, E. D., & Nelson, P. I. 1985, ApJ, 293, 192
Ferland, G. J., Porter, R. L., van Hoof, P. A. M., et al.
2013, RMxAA, 49, 137
Foreman-Mackey, D., Hogg, D. W., Lang, D., & Goodman,
J. 2013, PASP, 125, 306
Fox, A. J., Wakker, B. P., Savage, B. D., et al. 2005, ApJ,
630, 332
Fox, A. J., Lehner, N., Tumlinson, J., et al. 2013, ApJ, 778,
187
Fumagalli, M., O’Meara, J. M., & Prochaska, J. X. 2011,
Science, 334, 1245
—. 2016, MNRAS, 455, 4100
Glidden, A., Cooper, T. J., Cooksey, K. L., Simcoe, R. A.,
& O’Meara, J. M. 2016, ApJ, 833, 270
Haardt, F., & Madau, P. 1996, ApJ, 461, 20
Haardt, F., & Madau, P. 2001, in Clusters of Galaxies and
the High Redshift Universe Observed in X-rays, ed.
D. M. Neumann & J. T. V. Tran, 64
—. 2012, ApJ, 746, 125
Hafen, Z., Faucher-Gigue`re, C.-A., Angle´s-Alca´zar, D.,
et al. 2017, MNRAS, 469, 2292
Hopkins, P. F., Wetzel, A., Keresˇ, D., et al. 2018, MNRAS,
480, 800
Hummels, C. B., Smith, B. D., Hopkins, P. F., et al. 2019,
ApJ, arXiv:1811.12410, in press
CCC. III: Metallicity and Physical Properties of the Cool z . 1 CGM 31
Hunter, J. D. 2007, Computing In Science & Engineering,
9, 90
Isobe, T., Feigelson, E. D., & Nelson, P. I. 1986, ApJ, 306,
490
Jenkins, E. B., Bowen, D. V., Tripp, T. M., & Sembach,
K. R. 2005, ApJ, 623, 767
Jenkins, E. B., & Wallerstein, G. 2017, ApJ, 838, 85
Kacprzak, G. G., Churchill, C. W., Steidel, C. C., Spitler,
L. R., & Holtzman, J. A. 2012, MNRAS, 427, 3029
Keeney, B. A., Stocke, J. T., Danforth, C. W., et al. 2017,
ApJS, 230, 6
Kirkman, D., Tytler, D., Lubin, D., & Charlton, J. 2007,
MNRAS, 376, 1227
Kulkarni, V. P., Fall, S. M., Lauroesch, J. T., et al. 2005,
ApJ, 618, 68
Lanzetta, K. M., Bowen, D. V., Tytler, D., & Webb, J. K.
1995, ApJ, 442, 538
Lehner, N. 2017, in Astrophysics and Space Science
Library, Vol. 430, Gas Accretion onto Galaxies, ed.
A. Fox & R. Dave´, 117
Lehner, N., O’Meara, J. M., Howk, J. C., Prochaska, J. X.,
& Fumagalli, M. 2016, ApJ, 833, 283
Lehner, N., Prochaska, J. X., Kobulnicky, H. A., et al.
2009, ApJ, 694, 734
Lehner, N., Savage, B. D., Richter, P., et al. 2007, ApJ,
658, 680
Lehner, N., Sembach, K. R., Dufton, P. L., Rolleston,
W. R. J., & Keenan, F. P. 2001, ApJ, 551, 781
Lehner, N., Wotta, C. B., Howk, J. C., et al. 2018, ApJ,
866, 33
Lehner, N., Howk, J. C., Tripp, T. M., et al. 2013, ApJ,
770, 138
Liang, C. J., & Chen, H.-W. 2014, MNRAS, 445, 2061
Maiolino, R., & Mannucci, F. 2019, Astronomy and
Astrophysics Review, 27, 3
Mattsson, L. 2010, A&A, 515, A68
McAlpine, S., Helly, J. C., Schaller, M., et al. 2016,
Astronomy and Computing, 15, 72
Me´nard, B., & Fukugita, M. 2012, ApJ, 754, 116
Me´nard, B., Scranton, R., Fukugita, M., & Richards, G.
2010, MNRAS, 405, 1025
Muzahid, S., Kacprzak, G. G., Churchill, C. W., et al. 2015,
ApJ, 811, 132
O’Meara, J. M., Prochaska, J. X., Burles, S., et al. 2007,
ApJ, 656, 666
O’Meara, J. M., Prochaska, J. X., Chen, H.-W., & Madau,
P. 2011, ApJS, 195, 16
O’Meara, J. M., Prochaska, J. X., Worseck, G., Chen,
H.-W., & Madau, P. 2013, ApJ, 765, 137
Peeples, M., Tumlinson, J., Fox, A., et al. 2017, The
Hubble Spectroscopic Legacy Archive, Tech. rep., STScI
Peeples, M. S., Werk, J. K., Tumlinson, J., et al. 2014, ApJ,
786, 54
Peeples, M. S., Corlies, L., Tumlinson, J., et al. 2019, ApJ,
873, 129
Penprase, B. E., Prochaska, J. X., Sargent, W. L. W.,
Toro-Martinez, I., & Beeler, D. J. 2010, ApJ, 721, 1
Penton, S. V., Stocke, J. T., & Shull, J. M. 2002, ApJ, 565,
720
Pe´roux, C., Kulkarni, V. P., Meiring, J., et al. 2006, A&A,
450, 53
Pe´roux, C., Meiring, J. D., Kulkarni, V. P., et al. 2008,
MNRAS, 386, 2209
Pettini, M., Zych, B. J., Steidel, C. C., & Chaffee, F. H.
2008, MNRAS, 385, 2011
Planck Collaboration, Ade, P. A. R., Aghanim, N., et al.
2016, A&A, 594, A13
Prochaska, J. X., Gawiser, E., Wolfe, A. M., Castro, S., &
Djorgovski, S. G. 2003, ApJL, 595, L9
Prochaska, J. X., Herbert-Fort, S., & Wolfe, A. M. 2005,
ApJ, 635, 123
Prochaska, J. X., O’Meara, J. M., & Worseck, G. 2010,
ApJ, 718, 392
Prochaska, J. X., Weiner, B., Chen, H.-W., Mulchaey, J., &
Cooksey, K. 2011, ApJ, 740, 91
Prochaska, J. X., & Wolfe, A. M. 2000, ApJL, 533, L5
Prochaska, J. X., Tejos, N., Wotta, C. B., et al. 2017a,
pyigm/pyigm: Initial release for publications, UCSC,
doi:10.5281/zenodo.1045480
Prochaska, J. X., Werk, J. K., Worseck, G., et al. 2017b,
ApJ, 837, 169
Prochter, G. E., Prochaska, J. X., O’Meara, J. M., Burles,
S., & Bernstein, R. A. 2010, ApJ, 708, 1221
Quiret, S., Pe´roux, C., Zafar, T., et al. 2016, MNRAS, 458,
4074
Rafelski, M., Wolfe, A. M., Prochaska, J. X., Neeleman, M.,
& Mendez, A. J. 2012, ApJ, 755, 89
Rahmati, A., & Oppenheimer, B. D. 2018, MNRAS,
arXiv:1712.03988
Rahmati, A., Schaye, J., Bower, R. G., et al. 2015,
MNRAS, 452, 2034
Rahmati, A., Schaye, J., Crain, R. A., et al. 2016, MNRAS,
459, 310
Rahmati, A., Schaye, J., Pawlik, A. H., & Raicˇevic´, M.
2013, MNRAS, 431, 2261
Ribaudo, J., Lehner, N., Howk, J. C., et al. 2011, ApJ, 743,
207
Robert, P. F., Murphy, M. T., O’Meara, J. M., Crighton,
N. H. M., & Fumagalli, M. 2019, MNRAS, 483, 2736
32 Lehner et al.
Rosenwasser, B., Muzahid, S., Charlton, J. C., et al. 2018,
MNRAS, 476, 2258
Schaye, J., Crain, R. A., Bower, R. G., et al. 2015,
MNRAS, 446, 521
Shull, J. M., Danforth, C. W., Tilton, E. M., Moloney, J.,
& Stevans, M. L. 2017, ApJ, 849, 106
Shull, J. M., Smith, B. D., & Danforth, C. W. 2012, ApJ,
759, 23
Som, D., Kulkarni, V. P., Meiring, J., et al. 2015, ApJ, 806,
25
Stocke, J. T., Keeney, B. A., Danforth, C. W., et al. 2013,
ApJ, 763, 148
Suresh, J., Nelson, D., Genel, S., Rubin, K. H. R., &
Hernquist, L. 2019, MNRAS, 483, 4040
Tejos, N., Morris, S. L., Finn, C. W., et al. 2014, MNRAS,
437, 2017
The Astropy Collaboration, Price-Whelan, A. M., Sipo˝cz,
B. M., et al. 2018, ArXiv e-prints, arXiv:1801.02634
Tripp, T. M., Meiring, J. D., Prochaska, J. X., et al. 2011,
Science, 334, 952
Tumlinson, J., Peeples, M. S., & Werk, J. K. 2017,
ARA&A, 55, 389
Tumlinson, J., Werk, J. K., Thom, C., et al. 2011, ApJ,
733, 111
Tumlinson, J., Thom, C., Werk, J. K., et al. 2013, ApJ,
777, 59
Tytler, D. 1987, ApJ, 321, 49
van de Voort, F., Springel, V., Mandelker, N., van den
Bosch, F. C., & Pakmor, R. 2018, ArXiv e-prints,
arXiv:1808.04369
Welty, D. E., Lauroesch, J. T., Blades, J. C., Hobbs, L. M.,
& York, D. G. 1997, ApJ, 489, 672
Werk, J. K., Prochaska, J. X., Thom, C., et al. 2013, ApJS,
204, 17
Werk, J. K., Prochaska, J. X., Tumlinson, J., et al. 2014,
ApJ, 792, 8
Wotta, C. B., Lehner, N., Howk, J. C., et al. 2019, ApJ,
872, 81
Wotta, C. B., Lehner, N., Howk, J. C., O’Meara, J. M., &
Prochaska, J. X. 2016, ApJ, 831, 95
Zahedy, F. S., Chen, H.-W., Johnson, S. D., et al. 2019,
MNRAS, 484, 2257
Zonak, S. G., Charlton, J. C., Ding, J., & Churchill, C. W.
2004, ApJ, 606, 196
CCC. III: Metallicity and Physical Properties of the Cool z . 1 CGM 33
CI
I
CI
II
Fe
II
Fe
III
M
gI
I NI NI
I OI SI
I
SI
II
Si
II
Si
III
8
9
10
11
12
13
14
Lo
g 
Co
lu
m
n
J000559.23+160948.9, z = 0.30579
UVB=HM05, log U prior=-2.52 ± 0.6, C/  prior=-0.046 ± 0.349
CI
I
CI
II
Fe
II
Fe
III
M
gI
I NI OI SI
I
SI
II
Si
II
Si
III
11.0
11.5
12.0
12.5
13.0
13.5
14.0
Lo
g 
Co
lu
m
n
J000559.23+160948.9, z = 0.34792
UVB=HM05, log U prior=False
Figure A1. Examples of MCMC comparison plots for the absorbers at z = 0.30579 and 0.34792 toward J000559.23+160948.9.
It shows the measured column densities for each ion (red) and the predicted column densities from the median MCMC model
(blue). Downward triangles show upper limits.
APPENDIX
In this Appendix, we first provide information regarding the supplemental files [that available on the AAS website
or by a request to the first author of the paper]. Although for the pLLSs and LLSs, there is some redundancy for
several absorbers from Paper II, this new release takes into account the updates made in this paper (see §2.2). First,
we provide the MCMC input files in a machine-readable format in Tables A1 for all the absorbers in the CCC sample.
In these tables (sorted by absorber category—SLFS, pLLS, LLS—and increasing right ascension), the first column
provides the identification the absorber. Columns 2 and 3 give the redshift of the absorber and its error; column 4
gives the ion or atom. Columns 5 and 6 report the column density of the ion and its 1σ error (for the purpose of
the MCMC modeling, we have averaged the lower and upper error bars when they are not symmetric). Column 7
gives the flag indicating whether the measurement is a detection, an upper limit, or a lower limit (flag = 0,−1,−2,
respectively). We only list in these tables the ions that were used in the MCMC photoionization modeling (for the full
list of ions, the reader should refer to Paper I).
Second, for each CCC absorber, we provide the comparison plots between the observations and models and corner
plots as shown in Figs. A1 and A2, respectively. Two examples of SLFSs are shown in these figures (corresponding to
the first two absorbers listed in Table A1). In Fig. A1, we compare the measured column densities for each ion (red)
and the predicted column densities from the median MCMC model (blue). Triangles (when present) show lower limits
(i.e., saturated transitions), while downward triangles show upper limits. Red data points with error bars (sometimes
smaller than the circles) denote well-constrained column densities. The predicted and observed column densities are
in good agreement for these two cases, but the z = 0.30579 absorber has mostly upper limits on the column densities
of the metal ions (all non-detections, except for C III). For that reason, we have to use a Gaussian prior on both logU
and [C/α] (see §2.2 and Paper II for more details). In the corner plots (Fig. A2), the histograms along the diagonal
show the posterior PDFs for NH I, nH, [C/α], and [X/H] marginalized over the other parameters. The vertical dashed
lines represent the median and 68% CI of each PDF (80% CI for upper and lower limits on [X/H]). The contour
plots below the diagonal show the joint PDFs for the parameters of the given row and column (e.g., the topmost
contour plot shows the joint posterior PDF of nH and NH I, the latter of which is an input parameter). From the
corner or comparison plots, one can determine readily which modeling was used: (1) if there is no entry for logU
(logU prior = False), then a flat prior on the ionization parameter was used; (2) if a value to logU is given, then a
Gaussian prior on logU was used with the listed mean and dispersion values; (3) if [C/α] is present, the absence of
value indicates that a flat prior was used, otherwise a Gaussian prior was used on that ratio with the listed mean and
dispersion values. The EUVB used in the modeling is also provided (in this case, HM05).
Finally, in Fig. A3, we show the metallicity of the CCC absorbers against NH I where we differentiate the absorbers
that were modeled using a Gaussian prior on logU (gray symbols) from those that were modeled using a flat prior
(blue symbols). Although this figure highlights specific NH I and [X/H] ranges where the Gaussian and flat priors
on logU are not equally used, this is not unexpected since the Gaussian prior is only used to improve the estimates
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Figure A2. Examples of MCMC corner plots for the absorbers at z = 0.30579 and 0.34792 toward J000559.23+160948.9. The
histograms along the diagonal show the PDFs for NH I, hydrogen number density (nH), [C/α], and metallicity, respectively. The
contour plots below the diagonal show the joint posterior PDFs of the given row and column. For the z = 0.30579 absorber,
there is not enough constraint on the metal column densities to derive the metallicity and [C/α] without using priors (see
Fig. A1).
on the metallicities when constraints from metal ions are less than adequate. Hence, not surprisingly, the Gaussian
prior is comparatively more used for absorbers with low metallicities with [X/H] . −1.7 since the constraints are
fewer in this regime (often a single ion detected with multiple non-detections or only non-detections). Furthermore
as NH I decreases, some of the upper limits (e.g., Mg II) also become less constraining, which is the reason why at
logNH I . 16.2 and [X/H] . −1.7, a Gaussian prior in this regime provides much better constraints on the metallicities.
Thirty-three absorbers with 16.5 . logNH I . 18 also come from the W16 COS G140L survey, which uses only Mg II
as the metal to derive the metallicity, explaining the higher frequency at any metallicity in this H I column density
range where a Gaussian prior on logU is used. We emphasize again this method has been tested on absorbers with
sufficient constraints for the use of a flat prior on logU , yielding similar results (W16; Paper II). This approach of using
a Gaussian prior on logU is powerful for estimating their metallicities when the available constraints are not sufficient
to use a flat prior or to improve upper limits. For example, Zahedy et al. (2019) and Chen et al. (2019) derived a 95%
upper limit to the gas metallicity [X/H] < −2.2 of one of the absorbers in our sample. Using our approach with a
Gaussian prior, we derive [X/H] = −2.58± 0.09 (see §5.1). It is fully consistent with the independently derived upper
limit, but it is much better constrained thanks to the use of the Gaussian prior on logU .
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Figure A3. Similar to Fig. 9, but only for the CCC absorbers and where we differentiate absorbers that were modeled with
flat and Gaussian priors on logU . The well-modeled absorbers are shown with circles where we adopt the median values. For
lower (triangles) and upper (down triangles) limits where the values represent the 10th and 90th percentiles, respectively. For
clarity, we do not show the error bars (see Fig. 9 for these).
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Table 1. Updated Gaussian Prior
Placed on logU for the Low-Resolution
MCMC Analysis
logNH I m 〈logU〉
15.0 < logNH I < 15.6 37 −2.52± 0.60
15.6 ≤ logNH I < 16.2 43 −2.59± 0.68
16.2 ≤ logNH I < 16.8 33 −2.79± 0.67
16.8 ≤ logNH I ≤ 19.0 20 −3.03± 0.23
Note—m is the number of absorbers in
each NH I interval for which we derive the
mean and standard deviation of logU .
Table 2. Metallicities of the Absorbers in CCC Sample
QSO Name zabs logNH I [X/H] logU [C/α]
[cm−2]
J035128.56−142908.0 0.328476 15.08± 0.05 −1.67, −1.17, −0.64 −2.89, −2.45:, −2.00 −0.21, +0.08:, +0.39
J011016.25−021851.0 0.535375 15.11± 0.04 −1.89, −1.25, −0.63 −3.00, −2.58:, −2.10 −0.27, +0.02:, +0.35
J124511.26+335610.1 0.587563 15.11± 0.05 −1.72, −1.28, −0.83 −2.73, −2.30:, −1.80 −0.09, +0.16:, +0.45
J000559.23+160948.9 0.366204 15.13± 0.01 −0.19, −0.14, −0.10 −2.40, −2.35, −2.31 · · ·
J040748.42−121136.3 0.360742 15.14± 0.02 −0.57, −0.52, −0.47 −2.68, −2.63, −2.59 −0.26, −0.23, −0.20
J015513.20−450611.9 0.222165 15.16± 0.04 <−4.63, <−3.12, <−1.64 −3.17, −2.56:, −1.93 −0.38, −0.04:, +0.30
J121640.56+071224.3 0.382433 15.18± 0.04 −1.47, −0.92, −0.33 −2.77, −2.41:, −1.92 −0.32, −0.03:, +0.30
J115120.46+543733.0 0.252465 15.19± 0.01 −1.39, −1.20, −0.91 −2.91, −2.61, −2.27 +0.15, +0.35, +0.49
J011016.25−021851.0 0.717956 15.25± 0.05 −1.72, −1.62, −1.45 −1.39, −1.12, −0.87 −0.62, −0.34, −0.06
J215647.46+224249.8 0.619964 15.25± 0.04 <−4.64, <−3.21, <−1.75 −3.19, −2.61:, −2.02 −0.41, −0.07:, +0.27
J134100.78+412314.0 0.463699 15.26± 0.04 +0.11, +0.19, +0.29 −2.93, −2.86, −2.78 −0.24, −0.15, −0.06
J135726.26+043541.3 0.610248 15.26± 0.02 −0.87, −0.77, −0.60 −2.20, −1.85, −1.38 −0.25, −0.02, +0.31
J215647.46+224249.8 0.592763 15.26± 0.04 −1.92, −1.48, −1.10 −2.53, −2.19:, −1.77 −0.32, +0.02:, +0.36
J111132.20+554725.9 0.617506 15.28± 0.02 −0.80, −0.61, −0.35 −2.99, −2.61, −2.23 +0.29, +0.51, +0.71
J142859.03+322506.8 0.382333 15.29± 0.02 −1.27, −1.00, −0.61 −2.61, −2.24, −1.74 −0.58, −0.44, −0.31
J113956.98+654749.1 0.527941 15.30± 0.01 −1.57, −1.22, −0.95 −2.83, −2.64, −2.43 +0.00, +0.24:, +0.50
J071950.89+742757.0 0.377707 15.31± 0.01 −1.64, −1.28, −0.94 −2.61, −2.30, −1.79 <−0.97, <−0.84, <−0.66
J143748.28−014710.7 0.612744 15.31± 0.01 −0.88, −0.78, −0.68 −3.15, −2.84, −2.56 −0.04, +0.35, +0.74
J000559.23+160948.9 0.305789 15.33± 0.01 −2.43, −1.96, −1.43 −2.87, −2.34:, −1.86 −0.22, +0.08:, +0.38
J133045.15+281321.5 0.275547 15.36± 0.03 <−4.52, <−2.86, <−1.22 −3.15, −2.56:, −1.94 −0.40, −0.05:, +0.31
J100110.20+291137.5a 0.556468 15.38± 0.03 −0.94, −0.74, −0.49 −1.80, −1.48, −1.06 −0.45, +0.12, +0.60
J111132.20+554725.9 0.682730 15.38± 0.02 <−4.67, <−3.42, <−2.01 −3.26, −2.65:, −2.04 −0.42, −0.08:, +0.26
J063546.49−751616.8 0.417468 15.39± 0.01 −1.04, −0.93, −0.79 −2.61, −2.34, −2.05 −0.18, +0.09, +0.25
J113956.98+654749.1 0.325653 15.39± 0.01 −0.20, −0.10, +0.00 −3.12, −3.09, −3.05 −0.16, −0.08, +0.01
J091440.38+282330.6 0.599535 15.40± 0.02 −0.82, −0.62, −0.43 −3.64, −3.33, −3.03 −0.16, +0.22, +0.63
Table 2 continued
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Table 2 (continued)
QSO Name zabs logNH I [X/H] logU [C/α]
[cm−2]
J124154.02+572107.3 0.217947 15.40± 0.04 −0.20, −0.11, −0.02 −3.13, −3.05, −2.97 · · ·
J093518.19+020415.5 0.354712 15.41± 0.05 −0.89, −0.65, −0.39 −2.75, −2.49, −2.20 −0.75, −0.50, −0.25
J101622.60+470643.3 0.263820 15.41± 0.03 −0.26, −0.19, −0.12 −2.85, −2.77, −2.68 +0.07, +0.24, +0.45
J122512.93+121835.7 0.324970 15.42± 0.03 <−4.54, <−2.74, <−0.89 −3.20, −2.61:, −2.02 −0.39, −0.05:, +0.29
J131956.23+272808.2 0.733811 15.42± 0.01 −2.08, −1.61, −1.19 −2.71, −2.33:, −1.92 −0.33, +0.01:, +0.34
J150030.64+551708.8 0.347999 15.42± 0.02 −1.48, −0.88, −0.30 −2.83, −2.46:, −2.01 −0.37, −0.03:, +0.32
J143748.28−014710.7 0.298949 15.44± 0.02 <−4.73, <−3.72, <−2.41 −3.25, −2.67:, −2.06 −0.42, −0.09:, +0.24
J075112.30+291938.3 0.494502 15.45± 0.01 −1.88, −1.59, −1.22 −2.72, −2.36, −1.96 −0.37, −0.25, −0.14
J092554.44+453544.5 0.309630 15.45± 0.03 −2.45, −1.89, −1.34 −2.82, −2.38:, −1.87 −0.34, −0.02:, +0.32
J122454.44+212246.3 0.378447 15.45± 0.02 −0.38, −0.32, −0.25 −2.50, −2.42, −2.32 −0.67, −0.61, −0.56
J152424.58+095829.7 0.675378 15.45± 0.02 −1.58, −1.22, −0.84 −4.00, −2.88, −2.15 +0.13, +0.37:, +0.61
J155304.92+354828.6 0.217943 15.45± 0.03 −0.51, −0.43, −0.34 −2.38, −2.25, −2.10 · · ·
J141038.39+230447.1 0.351043 15.46± 0.04 <−4.65, <−3.30, <−1.77 −3.22, −2.63:, −2.02 −0.42, −0.08:, +0.26
J152424.58+095829.7 0.571825 15.46± 0.01 −2.93, −2.29, −1.68 −3.00, −2.53:, −2.02 −0.28, +0.03:, +0.34
J020157.16−113233.1 0.323073 15.47± 0.01 −0.50, −0.39, −0.28 −3.49, −3.41, −3.34 −0.00, +0.13, +0.26
J143748.28−014710.7 0.681207 15.47± 0.01 −2.53, −2.01, −1.53 −2.78, −2.37:, −1.89 −0.34, +0.00:, +0.35
J024337.66−303048.0 0.303706 15.48± 0.04 −2.20, −1.57, −0.82 −3.09, −2.60:, −2.07 −0.41, −0.05:, +0.30
J040148.98−054056.5 0.323769 15.48± 0.03 −0.93, −0.76, −0.58 −3.51, −3.19, −2.87 −0.31, +0.09, +0.51
J111507.65+023757.5 0.369213 15.48± 0.02 −2.00, −1.43, −0.87 −2.89, −2.48:, −2.00 −0.31, −0.01:, +0.31
J035128.56−142908.0 0.439804 15.49± 0.02 <−4.58, <−3.07, <−1.65 −3.14, −2.56:, −1.94 −0.39, −0.05:, +0.29
J120158.75−135459.9 0.367445 15.49± 0.02 <−4.54, <−2.81, <−1.11 −3.16, −2.55:, −1.93 −0.39, −0.06:, +0.29
J004222.29−103743.8 0.316052 15.50± 0.04 −0.76, −0.61, −0.40 −2.56, −2.36, −2.11 · · ·
J100902.06+071343.8 0.375468 15.50± 0.07 −0.97, −0.79, −0.60 −3.48, −3.07:, −2.74 −0.38, −0.05:, +0.28
J105945.24+144143.0 0.576490 15.50± 0.02 −1.62, −1.23, −0.67 −2.87, −2.40, −1.79 −0.68, −0.49, −0.32
J115120.46+543733.0 0.688567 15.51± 0.01 −2.92, −2.38, −1.76 −2.98, −2.45:, −1.89 −0.22, +0.06:, +0.37
J121430.55+082508.1 0.383836 15.51± 0.04 <−4.67, <−3.45, <−1.89 −3.23, −2.65:, −2.05 −0.42, −0.06:, +0.29
J123335.07+475800.4 0.284947 15.51± 0.03 −1.22, −1.08, −0.91 −2.62, −2.37, −2.12 −0.71, −0.48, −0.28
J134100.78+412314.0 0.620752 15.51± 0.01 +0.01, +0.03, +0.05 −3.20, −3.13, −3.06 · · ·
J225357.75+160853.1 0.320621 15.51± 0.04 <−4.64, <−3.10, <−1.66 −3.17, −2.56:, −1.92 −0.39, −0.04:, +0.30
J012236.76−284321.3 0.364959 15.52± 0.02 −0.85, −0.79, −0.73 −2.15, −2.07, −2.00 · · ·
J004705.89+031954.9 0.448365 15.53± 0.02 −1.10, −0.87, −0.64 −3.08, −2.93, −2.79 +0.27, +0.49:, +0.73
J100902.06+071343.8 0.337193 15.55± 0.14 −0.14, +0.15, +0.55 −2.36, −2.06, −1.63 <−0.89, <−0.52, <−0.02
J104117.16+061016.9 0.654403 15.55± 0.02 −0.73, −0.64, −0.54 −3.54, −3.16, −2.77 −0.43, +0.06, +0.52
J004705.89+031954.9 0.314257 15.56± 0.03 −1.88, −1.37, −0.94 −2.75, −2.40:, −1.98 −0.24, +0.05:, +0.36
J091440.38+282330.6 0.244249 15.56± 0.03 −1.15, −1.03, −0.91 −1.94, −1.81, −1.70 · · ·
J123304.05−003134.1 0.318758 15.56± 0.01 −0.84, −0.73, −0.62 −2.81, −2.65, −2.49 · · ·
J163201.12+373749.9 0.810995 15.56± 0.02 <−4.70, <−3.57, <−2.22 −3.21, −2.63:, −2.02 −0.41, −0.05:, +0.28
J004705.89+031954.9 0.313870 15.57± 0.05 −2.17, −1.61, −1.08 −2.82, −2.40:, −1.91 −0.28, +0.02:, +0.34
J111239.11+353928.2 0.246496 15.58± 0.06 −1.05, −0.86, −0.62 −2.49, −2.13, −1.78 · · ·
J084349.47+411741.6 0.543679 15.59± 0.09 +0.08, +0.17, +0.26 −3.40, −3.29, −3.20 +0.32, +0.47, +0.65
J094331.61+053131.4 0.229019 15.59± 0.09 −1.15, −0.90, −0.57 −2.38, −1.98, −1.64 −0.35, +0.18, +0.58
J134447.55+554656.8 0.404153 15.60± 0.04 −1.51, −1.01, −0.54 −2.68, −2.26:, −1.72 −0.11, +0.18:, +0.49
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Table 2 (continued)
QSO Name zabs logNH I [X/H] logU [C/α]
[cm−2]
J011013.14−021952.8 0.718956 15.61± 0.02 −1.33, −1.20, −1.07 −2.19, −2.11, −2.02 +0.56, +0.70, +0.83
J155504.39+362848.0 0.576033 15.61± 0.04 <−4.68, <−3.36, <−1.78 −3.37, −2.73:, −2.05 −0.41, −0.07:, +0.27
J101622.60+470643.3 0.432210 15.62± 0.03 −2.17, −1.68, −1.17 −2.82, −2.29:, −1.73 −0.25, +0.06:, +0.37
J141038.39+230447.1 0.349849 15.62± 0.03 <−4.49, <−2.57, <−0.84 −3.25, −2.56:, −1.88 −0.39, −0.06:, +0.28
J155048.29+400144.9a 0.492632 15.62± 0.05 −0.21, −0.15, −0.07 −3.52, −3.25, −2.99 −0.70, −0.38, −0.02
J020157.16−113233.1 0.322565 15.63± 0.01 <−4.75, <−3.71, <−2.28 −3.44, −2.77:, −2.11 −0.45, −0.11:, +0.24
J040148.98−054056.5 0.219453 15.64± 0.04 −1.00, −0.89, −0.74 −2.44, −2.16, −1.87 −0.13, +0.23, +0.53
J011935.69−282131.4a 0.348326 15.65± 0.01 −1.45, −1.30, −1.04 −2.85, −2.57, −2.24 −0.30, −0.10, +0.00
J140923.90+261820.9 0.574868 15.65± 0.01 <−4.58, <−3.03, <−1.63 −3.27, −2.58:, −1.90 −0.41, −0.07:, +0.27
J140923.90+261820.9 0.817046 15.65± 0.01 −4.30, −3.02, −2.01 −3.30, −2.63:, −1.95 −0.40, −0.04:, +0.30
J044011.90−524818.0 0.615662 15.66± 0.01 −0.18, −0.15, −0.11 −2.24, −2.22, −2.18 −0.43, −0.33, −0.24
J155048.29+400144.9 0.427306 15.66± 0.03 −0.87, −0.76, −0.65 −2.25, −2.12, −1.98 −0.15, +0.14, +0.47
J084349.47+411741.6 0.541051 15.67± 0.19 −2.38, −1.76, −1.13 −2.97, −2.47:, −1.89 −0.26, +0.03:, +0.35
J063546.49−751616.8 0.452768 15.68± 0.01 −0.58, −0.35, −0.06 −4.18, −3.85, −3.46 >−0.27, >+0.33, >+0.87
J075112.30+291938.3 0.431765 15.68± 0.01 −2.65, −2.09, −1.61 −2.86, −2.46:, −2.01 −0.29, +0.03:, +0.36
J111754.23+263416.6 0.352307 15.68± 0.03 −2.41, −1.76, −1.06 −3.07, −2.58:, −2.00 −0.34, −0.02:, +0.32
J121430.55+082508.1 0.324710 15.68± 0.02 <−4.57, <−2.84, <−1.13 −3.30, −2.65:, −1.98 −0.40, −0.06:, +0.28
J155304.92+354828.6 0.475466 15.68± 0.04 −0.45, −0.40, −0.35 −3.33, −3.15, −2.94 +0.35, +0.52, +0.69
J113457.71+255527.8 0.431964 15.69± 0.02 −0.89, −0.64, −0.34 −2.45, −2.14:, −1.81 −0.40, −0.13:, +0.13
J130429.02+311308.2 0.309948 15.70± 0.02 −1.95, −1.49, −1.01 −2.60, −2.19:, −1.71 −0.17, +0.10:, +0.39
J130451.40+245445.9 0.276315 15.70± 0.03 <−4.72, <−3.55, <−1.93 −3.45, −2.77:, −2.11 −0.43, −0.09:, +0.24
J163201.12+373749.9 0.417740 15.70± 0.01 −0.38, −0.36, −0.33 −2.97, −2.92, −2.88 +0.31, +0.36, +0.42
J023507.38−040205.6 0.807754 15.71± 0.01 −1.18, −1.14, −1.11 −1.92, −1.89, −1.86 −0.34, −0.09, +0.23
J105945.24+144143.0 0.465822 15.71± 0.04 <−4.67, <−3.39, <−1.92 −3.42, −2.76:, −2.08 −0.43, −0.08:, +0.27
J120556.08+104253.8 0.256165 15.72± 0.05 −1.98, −1.20, −0.06 −3.28, −2.70:, −2.04 −0.34, −0.03:, +0.30
J124511.26+335610.1 0.644918 15.74± 0.04 −1.06, −0.95, −0.85 −2.71, −2.60, −2.50 −0.40, −0.21, −0.02
J141910.20+420746.9 0.608265 15.75± 0.03 −2.55, −1.96, −1.45 −2.92, −2.47:, −1.97 −0.13, +0.14:, +0.43
J215647.46+224249.8 0.601114 15.75± 0.04 <−4.69, <−3.51, <−2.22 −3.38, −2.72:, −2.04 −0.41, −0.08:, +0.26
J011013.14−021952.8 0.536490 15.76± 0.02 −1.78, −1.32, −0.82 −2.16, −1.91, −1.60 −0.78, −0.55, −0.31
J024649.86−300741.3 0.312304 15.76± 0.03 −1.86, −1.39, −0.98 −2.52, −2.19:, −1.76 −0.31, +0.02:, +0.34
J122106.87+454852.1 0.502973 15.76± 0.02 −1.56, −1.09, −0.61 −2.19, −1.81:, −1.38 −0.34, −0.02:, +0.29
J225738.20+134045.4 0.498882 15.76± 0.03 −1.66, −1.47, −1.23 −2.31, −1.96, −1.48 −0.68, −0.55, −0.41
J044011.90−524818.0 0.865140 15.77± 0.04 −2.99, −2.76, −2.42 >−1.76, >−1.18, >−0.66 · · ·
J141910.20+420746.9 0.522082 15.77± 0.03 −2.08, −1.62, −1.23 −2.61, −2.24:, −1.77 −0.27, +0.05:, +0.37
J100535.25+013445.5 0.419686 15.79± 0.02 −3.08, −2.47, −1.79 −3.10, −2.51:, −1.90 −0.24, +0.06:, +0.36
J112553.78+591021.6 0.557529 15.79± 0.02 −0.70, −0.53, −0.30 −2.38, −2.31, −2.25 −0.10, +0.12, +0.29
J024649.86−300741.3 0.335895 15.81± 0.04 −0.50, −0.41, −0.31 −3.62, −3.20:, −2.86 −0.59, −0.33:, −0.10
J111754.23+263416.6 0.351969 15.81± 0.02 −0.45, −0.33, −0.20 −3.58, −3.41, −3.24 −0.32, −0.10, +0.14
J140732.25+550725.4 0.246911 15.81± 0.10 <−4.71, <−3.58, <−1.92 −3.47, −2.81:, −2.15 −0.44, −0.10:, +0.24
J011013.14−021952.8 0.227191 15.83± 0.09 −0.06, −0.00, +0.06 −3.17, −3.11, −3.05 +0.17, +0.22, +0.27
J122454.44+212246.3a 0.420788 15.83± 0.01 −1.94, −1.83, −1.62 −2.58, −2.30, −2.12 −0.41, −0.29, −0.17
J141038.39+230447.1 0.265892 15.83± 0.03 <−4.72, <−3.61, <−2.11 −3.46, −2.78:, −2.12 −0.41, −0.08:, +0.26
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Table 2 (continued)
QSO Name zabs logNH I [X/H] logU [C/α]
[cm−2]
J020157.16−113233.1 0.324507 15.84± 0.01 −1.24, −1.06, −0.77 −2.47, −2.10, −1.68 −0.54, −0.12, +0.19
J100102.64+594414.2 0.415649 15.84± 0.02 −1.05, −0.89, −0.66 −2.67, −2.45, −2.24 −0.18, +0.02, +0.28
J120158.75−135459.9 0.409358 15.84± 0.02 −1.64, −1.33, −0.92 −2.63, −2.24, −1.76 −0.66, −0.54, −0.42
J110539.79+342534.3 0.238808 15.85± 0.02 −1.38, −1.28, −1.04 −2.14, −1.96, −1.73 · · ·
J044011.90−524818.0 0.327932 15.86± 0.01 −2.83, −2.23, −1.43 −3.16, −2.46:, −1.86 −0.22, +0.07:, +0.37
J161916.54+334238.4 0.442306 15.86± 0.03 −3.13, −2.56, −1.99 −2.90, −2.39:, −1.81 −0.24, +0.06:, +0.37
J140923.90+261820.9 0.599561 15.88± 0.01 −0.14, −0.12, −0.11 −3.05, −3.05, −3.04 +0.12, +0.15, +0.17
J011013.14−021952.8 0.876403 15.91± 0.02 −0.73, −0.65, −0.56 −2.80, −2.73, −2.66 · · ·
J011623.04+142940.5 0.333777 15.92± 0.06 −1.06, −0.94, −0.83 −2.83, −2.69, −2.55 · · ·
J125846.65+242739.1 0.226199 15.92± 0.08 −2.38, −1.61, −0.71 −3.19, −2.62:, −1.99 −0.40, −0.06:, +0.29
J135704.44+191907.3 0.521468 15.92± 0.01 −2.46, −1.77, −0.89 −3.28, −2.69:, −2.09 −0.29, −0.01:, +0.32
J095914.83+320357.2 0.442677 15.93± 0.03 −2.72, −2.13, −1.53 −2.97, −2.46:, −1.87 −0.11, +0.15:, +0.43
J055224.49−640210.7 0.446088 15.94± 0.01 −1.56, −1.52, −1.49 −2.06, −2.01, −1.96 −0.32, −0.05, +0.27
J122317.79+092306.9 0.379535 15.94± 0.02 −1.09, −0.81, −0.55 −3.47, −3.37, −3.28 +0.05, +0.26:, +0.51
J112553.78+591021.6 0.678351 15.96± 0.02 <−4.74, <−3.65, <−2.23 −3.44, −2.78:, −2.09 −0.41, −0.08:, +0.26
J101622.60+470643.3 0.664722 15.99± 0.03 <−4.71, <−3.55, <−2.12 −3.39, −2.72:, −2.04 −0.41, −0.07:, +0.26
J112553.78+591021.6 0.558450 15.99± 0.02 −1.22, −0.92, −0.63 −3.87, −3.73, −3.59 +0.01, +0.25:, +0.51
J142859.03+322506.8 0.516578 15.99± 0.01 −1.76, −1.72, −1.68 −1.75, −1.71, −1.66 · · ·
J094331.61+053131.4 0.354927 16.00± 0.04 −2.38, −1.93, −1.50 −2.39, −1.84:, −1.37 −0.23, +0.10:, +0.42
J075112.30+291938.3 0.829173 16.02± 0.01 −1.59, −1.46, −1.32 −3.15, −3.05, −2.95 −0.05, +0.04, +0.13
J141542.90+163413.7 0.481677 16.02± 0.01 −1.08, −1.00, −0.90 −2.90, −2.83, −2.77 −0.66, −0.56, −0.46
J011935.69−282131.4a 0.348731 16.03± 0.01 −1.51, −1.43, −1.27 −2.68, −2.46, −2.25 −0.08, +0.08, +0.29
J140732.25+550725.4 0.243328 16.04± 0.05 <−4.63, <−3.14, <−1.49 −3.40, −2.75:, −2.08 −0.41, −0.06:, +0.29
J000559.23+160948.9 0.347925 16.06± 0.01 −0.54, −0.51, −0.48 −3.30, −3.26, −3.21 −0.15, −0.10, −0.05
J113910.70−135044.0 0.319498 16.06± 0.02 −2.49, −2.01, −1.60 −2.72, −2.37:, −1.98 −0.32, +0.02:, +0.36
J023507.38−040205.6 0.322464 16.07± 0.01 −2.94, −2.43, −1.91 −2.88, −2.35:, −1.86 −0.16, +0.13:, +0.43
J155232.54+570516.5a 0.366521 16.07± 0.04 −1.17, −0.22, +0.94 −2.97, −2.51:, −1.85 −0.28, +0.05:, +0.37
J234500.43−005936.0 0.548121 16.07± 0.03 −0.59, −0.54, −0.49 −3.21, −2.87, −2.64 · · ·
J020157.16−113233.1 0.323404 16.08± 0.01 −0.45, −0.43, −0.40 −3.25, −3.24, −3.23 · · ·
J134100.78+412314.0 0.621428 16.09± 0.01 −0.10, −0.09, −0.07 −3.11, −3.09, −3.06 −0.05, −0.03, −0.00
J080908.13+461925.6 0.619130 16.10± 0.01 −0.83, −0.49, −0.00 >−1.48, >−1.04, >−0.77 <−0.90, <−0.55, <−0.04
J094331.61+053131.4 0.354599 16.10± 0.05 −2.82, −2.30, −1.89 −2.62, −2.11:, −1.61 >−0.12, >+0.52, >+0.91
J215647.46+224249.8 0.621378 16.11± 0.02 −2.98, −2.47, −2.06 −2.61, −2.23:, −1.75 −0.32, +0.02:, +0.37
J100535.25+013445.5 0.839400 16.13± 0.01 <−4.59, <−3.11, <−1.74 −3.28, −2.59:, −1.91 −0.40, −0.06:, +0.29
J112553.78+591021.6 0.558200 16.13± 0.02 −1.20, −0.89, −0.48 −4.00, −3.61, −3.22 −0.58, −0.20, +0.16
J105956.14+121151.1 0.332377 16.14± 0.02 <−4.58, <−2.87, <−1.20 −3.30, −2.63:, −1.96 −0.42, −0.07:, +0.28
J110047.85+104613.2a 0.415099 16.15± 0.04 −2.90, −2.19, −1.45 −3.11, −2.54:, −1.94 −0.34, −0.02:, +0.33
J141910.20+420746.9 0.534585 16.15± 0.05 −0.45, −0.39, −0.33 −3.26, −3.18, −3.10 −0.73, −0.59, −0.44
J124511.26+335610.1 0.688948 16.16± 0.03 −0.68, −0.64, −0.59 −2.17, −2.15, −2.13 −0.79, −0.47, −0.11
J084349.47+411741.6 0.533507 16.17± 0.04 −0.31, −0.26, −0.21 −2.67, −2.63, −2.59 <−0.93, <−0.65, <−0.26
J104117.16+061016.9 0.655059 16.17± 0.02 −1.60, −1.44, −1.28 −3.53, −3.14, −2.76 −0.38, +0.12, +0.61
J141910.20+420746.9 0.425592 16.17± 0.05 −1.58, −1.38, −1.18 −2.61, −2.41:, −2.22 <−0.97, <−0.81, <−0.51
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Table 2 (continued)
QSO Name zabs logNH I [X/H] logU [C/α]
[cm−2]
J143511.53+360437.2 0.387594 16.18± 0.06 −1.23, −1.12, −1.01 −2.06, −1.97, −1.89 −0.69, −0.38, −0.02
J044011.90−524818.0 0.614962 16.20± 0.01 −0.29, −0.27, −0.25 −2.49, −2.47, −2.45 −0.05, −0.02, +0.00
J111908.59+211918.0 0.138500 16.22± 0.02 −0.58, −0.56, −0.53 −2.88, −2.81, −2.73 −0.05, +0.07, +0.19
J152424.58+095829.7 0.518500 16.22± 0.02 −0.69, −0.66, −0.63 −3.50, −3.45, −3.40 −0.55, −0.50, −0.46
J104117.16+061016.9 0.655390 16.24± 0.02 −0.27, −0.22, −0.17 −4.44, −4.37, −4.29 >+0.74, >+0.90, >+0.98
J215647.46+224249.8 0.621016 16.24± 0.02 −2.07, −1.93, −1.80 −3.05, −2.79:, −2.56 −0.33, −0.01:, +0.30
J101622.60+470643.3 0.727771 16.26± 0.09 −1.59, −1.38, −1.14 −4.03, −3.59:, −3.20 −0.53, −0.22:, +0.09
J102056.37+100332.7 0.465364 16.26± 0.02 <−4.67, <−3.37, <−1.79 −3.59, −2.95:, −2.31 −0.42, −0.08:, +0.27
J155232.54+570516.5a 0.366020 16.28± 0.02 <−4.55, <−2.82, <−1.20 −3.48, −2.80:, −2.15 −0.42, −0.07:, +0.27
J044117.31−431345.4 0.440820 16.31± 0.01 +0.03, +0.09, +0.15 −3.43, −3.41, −3.39 >+0.14, >+0.47, >+0.89
J122317.79+092306.9 0.455686 16.31± 0.02 −2.67, −2.04, −1.43 −3.01, −2.59:, −2.08 −0.39, −0.05:, +0.29
J104117.16+061016.9 0.643108 16.33± 0.02 −2.56, −2.16, −1.83 −2.37, −2.07:, −1.68 −0.05, +0.21:, +0.50
J093603.88+320709.3 0.390435 16.34± 0.05 −0.62, −0.49, −0.36 −3.49, −3.35, −3.20 −0.30, −0.11, +0.08
J113457.71+255527.8 0.432313 16.34± 0.01 −0.84, −0.71, −0.57 −2.83, −2.57:, −2.24 −0.04, +0.11:, +0.24
J121920.93+063838.5 0.282308 16.34± 0.01 −1.45, −1.30, −1.16 −2.99, −2.84, −2.66 −0.25, −0.10, +0.10
J134100.78+412314.0 0.348827 16.34± 0.01 −0.77, −0.74, −0.72 −3.17, −3.13, −3.10 +0.16, +0.21, +0.26
J141910.20+420746.9 0.288976 16.35± 0.05 −0.64, −0.53, −0.34 −2.61, −2.42, −2.17 −0.12, +0.04, +0.15
J100535.25+013445.5 0.837390 16.36± 0.02 −2.37, −2.19, −2.05 −2.14, −2.00, −1.82 −0.13, +0.14, +0.47
J035128.56−142908.0 0.356924 16.38± 0.02 −1.31, −1.24, −1.15 −2.62, −2.53, −2.44 −0.11, +0.06, +0.22
J171654.19+302701.4 0.710300 16.40± 0.25 <−4.65, <−3.25, <−1.80 −3.48, −2.77:, −2.04 · · ·
J140923.90+261820.9 0.682684 16.41± 0.01 −2.05, −2.02, −1.98 −1.57, −1.54, −1.51 −0.60, −0.58, −0.56
J132503.81+271718.7 0.433434 16.43± 0.05 <−4.72, <−3.61, <−2.12 −3.64, −2.99:, −2.32 −0.44, −0.10:, +0.24
J040748.42−121136.3 0.167160 16.45± 0.05 −0.32, −0.29, −0.25 −2.92, −2.90, −2.87 · · ·
J100902.06+071343.8 0.355352 16.45± 0.05 −0.42, −0.36, −0.30 −3.05, −2.98, −2.92 >+0.25, >+0.56, >+0.91
J141038.39+230447.1 0.535079 16.47± 0.02 −3.08, −2.50, −1.85 −2.35, −1.75, −1.19 −0.15, +0.20, +0.64
J063546.49−751616.8 0.468486 16.48± 0.07 −0.85, −0.75, −0.66 −3.34, −2.94, −2.65 −0.04, +0.07, +0.16
J102056.37+100332.7 0.464851 16.48± 0.06 <−4.70, <−3.55, <−2.04 −3.62, −2.97:, −2.32 −0.42, −0.07:, +0.27
J124511.26+335610.1a 0.712976 16.48± 0.02 −1.88, −1.78, −1.68 −2.58, −2.48, −2.38 · · ·
J134100.78+412314.0 0.686086 16.50± 0.02 −0.45, −0.42, −0.39 −2.89, −2.85, −2.81 +0.11, +0.16, +0.21
J171654.19+302701.4 0.756000 16.50± 0.20 <−4.66, <−3.32, <−1.95 −3.49, −2.79:, −2.06 · · ·
J100102.64+594414.2 0.416042 16.52± 0.02 −0.72, −0.60, −0.49 −2.88, −2.81, −2.72 −0.04, +0.06, +0.16
J100535.25+013445.5 0.836989 16.52± 0.02 −1.59, −1.51, −1.41 −2.82, −2.75, −2.68 −0.27, −0.14, +0.06
J155048.29+400144.9a 0.491977 16.53± 0.02 −0.42, −0.40, −0.38 −3.22, −3.16, −3.09 −0.11, −0.06, −0.01
J124511.26+335610.1 0.556684 16.54± 0.03 −3.29, −2.67, −2.20 −2.91, −2.50:, −2.02 −0.26, +0.05:, +0.37
J035128.56−142908.0 0.357173 16.55± 0.10 −0.31, −0.22, −0.12 −3.62, −3.54, −3.45 · · ·
J142735.59+263214.6a 0.366054 16.55± 0.03 <−4.58, <−3.05, <−1.49 −3.59, −2.95:, −2.29 −0.40, −0.06:, +0.29
J154121.48+281706.2 0.282454 16.55± 0.02 <−4.62, <−3.15, <−1.59 −3.57, −2.92:, −2.28 −0.39, −0.06:, +0.28
J230222.41−550827.1 0.586710 16.55± 0.02 −1.58, −1.43, −1.20 −3.85, −3.37, −2.91 · · ·
J150030.64+551708.8 0.347272 16.58± 0.01 −3.03, −2.26, −1.51 −3.27, −2.77:, −2.17 −0.40, −0.05:, +0.30
J161916.54+334238.4 0.269400 16.59± 0.03 −2.11, −1.99, −1.80 −2.73, −2.52, −2.31 −0.49, −0.37, −0.27
J225541.64+145715.9 0.446000 16.60± 0.30 <−4.64, <−3.23, <−1.82 −3.47, −2.77:, −2.07 · · ·
J152424.58+095829.7 0.728885 16.63± 0.05 −2.97, −2.92, −2.87 >−0.79, >−0.65, >−0.61 +0.07, +0.19, +0.25
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Table 2 (continued)
QSO Name zabs logNH I [X/H] logU [C/α]
[cm−2]
J161916.54+334238.4a 0.470800 16.64± 0.02 −1.37, −1.34, −1.31 −3.26, −3.13:, −3.03 · · ·
J153602.46+393207.0 0.454000 16.65± 0.20 <−4.69, <−3.48, <−2.14 −3.47, −2.75:, −2.05 · · ·
J023507.38−040205.6 0.738890 16.67± 0.01 −1.30, −1.26, −1.22 −2.59, −2.55, −2.51 −0.33, −0.25, −0.17
J143511.53+360437.2 0.372981 16.68± 0.05 −2.14, −1.98, −1.82 −3.79, −3.45, −3.08 >−0.20, >+0.39, >+0.87
J155048.29+400144.9 0.312618 16.69± 0.02 −1.02, −0.99, −0.96 −3.16, −3.11, −3.06 +0.24, +0.30, +0.37
J091431.77+083742.6 0.507220 16.70± 0.03 −1.44, −1.32, −1.20 −2.94, −2.85, −2.75 <−0.91, <−0.57, <−0.11
J135559.88+260038.9 0.485200 16.70± 0.15 −1.64, −1.29, −0.89 −3.48, −2.83:, −2.18 · · ·
J015513.20−450611.9 0.225958 16.71± 0.07 −1.06, −0.99, −0.91 −2.93, −2.85, −2.73 +0.11, +0.15, +0.18
J105956.14+121151.1 0.565429 16.71± 0.03 <−4.66, <−3.28, <−1.86 −3.54, −2.87:, −2.20 −0.41, −0.06:, +0.29
J023507.38−040205.6 0.739200 16.72± 0.03 −1.56, −1.50, −1.44 −2.55, −2.49, −2.44 −0.13, −0.04, +0.05
J095711.77+631010.0 0.910000 16.75± 0.20 <−4.64, <−3.24, <−1.80 −3.45, −2.75:, −2.05 · · ·
J135559.88+260038.9 0.536000 16.75± 0.10 >−0.16, >+0.99, >+2.18 −3.44, −2.81:, −2.17 · · ·
J163156.13+435943.5 0.519600 16.75± 0.10 >−0.42, >+0.86, >+2.17 −3.41, −2.78:, −2.14 · · ·
J225350.09+140210.2 0.327000 16.75± 0.20 −1.98, −1.58, −1.17 −3.46, −2.82:, −2.18 · · ·
J225350.09+140210.2 0.573700 16.75± 0.15 >−0.00, >+1.09, >+2.22 −3.44, −2.80:, −2.15 · · ·
J011016.25−021851.0 0.399146 16.77± 0.02 −1.40, −1.33, −1.26 −2.85, −2.78, −2.70 −0.39, −0.28, −0.11
J122454.44+212246.3a 0.421357 16.78± 0.03 −1.01, −0.95, −0.89 −3.04, −2.91, −2.71 −0.14, −0.06, −0.00
J081002.69+502538.7 0.650000 16.82± 0.15 <−4.67, <−3.39, <−2.19 −3.27, −3.04:, −2.81 · · ·
J132503.81+271718.7 0.384634 16.83± 0.03 −1.79, −1.49, −1.23 −3.21, −3.04:, −2.85 +0.05, +0.28:, +0.55
J130631.62+435100.3 0.668600 16.85± 0.10 >−0.36, >+0.89, >+2.17 −3.26, −3.04:, −2.81 · · ·
J225541.64+145715.9 0.805100 16.85± 0.10 >−0.30, >+0.93, >+2.18 −3.26, −3.04:, −2.81 · · ·
J100535.25+013445.5 0.418522 16.89± 0.04 −1.14, −1.08, −1.02 −3.34, −3.07, −2.75 −0.49, −0.36, −0.24
J091029.75+101413.5 0.419263 16.90± 0.15 −2.90, −2.55, −2.24 −3.09, −2.90:, −2.69 +0.02, +0.27:, +0.53
J100906.35+023555.2 0.488000 16.90± 0.15 −1.68, −1.45, −1.21 −3.26, −3.03:, −2.80 · · ·
J171654.19+302701.4 0.399500 16.90± 0.20 −2.12, −1.87, −1.63 −3.26, −3.03:, −2.80 · · ·
J124511.26+335610.1 0.689370 16.91± 0.06 −1.17, −1.09, −1.01 −2.58, −2.53, −2.46 −0.06, +0.08, +0.23
J100502.34+465927.3 0.841300 16.92± 0.15 >−0.04, >+1.05, >+2.19 −3.26, −3.04:, −2.81 · · ·
J080003.90+421253.2 0.598000 16.95± 0.20 −2.46, −2.08, −1.71 −3.26, −3.03:, −2.80 · · ·
J095045.71+302518.4 0.587600 16.95± 0.15 >−0.24, >+0.90, >+2.17 −3.26, −3.03:, −2.81 · · ·
J102056.37+100332.7 0.319411 16.95± 0.10 −1.63, −1.25, −0.89 −3.25, −3.02:, −2.78 −0.31, −0.01:, +0.31
J163201.12+373749.9 0.273950 16.97± 0.03 −1.81, −1.77, −1.73 −2.94, −2.83, −2.69 +0.17, +0.26, +0.35
J120858.01+454035.4 0.927000 16.99± 0.06 −0.30, −0.25, −0.20 −3.04, −3.01, −2.99 · · ·
J084349.47+411741.6 0.532565 17.00± 0.10 −0.77, −0.60, −0.38 −3.23, −2.99, −2.69 −0.81, −0.59:, −0.37
J113910.70−135044.0 0.332950 17.00± 0.05 −1.87, −1.78, −1.68 −2.73, −2.64, −2.56 +0.22, +0.32, +0.41
J142107.56+253821.0 0.641450 17.00± 0.05 −2.53, −2.39, −2.24 −2.86, −2.68:, −2.50 +0.30, +0.55:, +0.77
J055224.49−640210.7 0.345149 17.02± 0.03 −3.39, −2.83, −2.33 −3.35, −2.92, −2.26 −0.39, −0.15, −0.01
J130100.86+281944.7 0.436777 17.05± 0.15 −0.77, −0.42, −0.01 −3.36, −3.27, −3.16 · · ·
J151907.61+440424.4 0.604200 17.05± 0.10 >−0.33, >+0.89, >+2.17 −3.26, −3.03:, −2.79 · · ·
J130532.99−103319.0 0.094870 17.06± 0.12 −1.70, −1.56, −1.42 −3.33, −3.28, −3.23 −0.06, −0.01, +0.04
J093603.88+320709.3 0.575283 17.15± 0.15 −0.60, −0.13, +0.62 −3.44, −3.29, −3.09 · · ·
J150031.80+483646.8 0.898000 17.15± 0.15 <−4.75, <−3.76, <−2.75 −3.26, −3.04:, −2.81 · · ·
J080630.30+144242.4 0.923800 17.20± 0.20 −1.72, −1.50, −1.26 −3.26, −3.03:, −2.79 · · ·
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Table 2 (continued)
QSO Name zabs logNH I [X/H] logU [C/α]
[cm−2]
J132652.44+292534.7 0.732400 17.20± 0.30 >−0.72, >+0.61, >+2.10 −3.25, −3.02:, −2.80 · · ·
J101622.60+470643.3 0.252326 17.25± 0.10 −0.69, −0.59, −0.50 −3.34, −3.18, −3.03 · · ·
J134447.55+554656.8 0.552615 17.25± 0.15 −1.62, −1.39, −1.17 −3.08, −2.94, −2.78 · · ·
J152843.91+520517.7 0.580900 17.27± 0.10 >−0.28, >+0.90, >+2.17 −3.25, −3.02:, −2.80 · · ·
J163428.98+703132.4 1.041400 17.30± 0.30 −2.03, −1.72, −1.41 −3.28, −3.00:, −2.72 · · ·
J094930.30−051453.9 0.749827 17.35± 0.05 −1.35, −1.28, −1.21 −3.21, −3.10, −2.93 · · ·
J080630.30+144242.4 1.094300 17.40± 0.20 >−0.43, >+0.81, >+2.16 −3.25, −3.03:, −2.80 · · ·
J094930.30−051453.9 0.635183 17.40± 0.05 −0.34, −0.31, −0.28 −3.78, −3.72:, −3.66 · · ·
J080424.96+274323.1 0.910600 17.45± 0.10 −2.20, −2.07, −1.93 −3.26, −3.03:, −2.81 · · ·
J081007.63+542443.7 0.857000 17.50± 0.15 >−0.54, >+0.73, >+2.12 −3.25, −3.02:, −2.79 · · ·
J095045.71+302518.4 0.573900 17.50± 0.15 >−0.83, >+0.60, >+2.12 −3.25, −3.02:, −2.79 · · ·
J100906.35+023555.2 1.087500 17.50± 0.10 −1.62, −1.41, −1.20 −3.26, −3.03:, −2.80 · · ·
J101557.05+010913.6 0.588000 17.50± 0.05 >−0.89, >+0.58, >+2.12 −3.25, −3.02:, −2.80 · · ·
J122222.55+041315.7 0.654700 17.55± 0.10 >−0.64, >+0.72, >+2.15 −3.25, −3.02:, −2.80 · · ·
J135726.26+043541.3 0.328637 17.55± 0.05 −2.67, −2.58, −2.49 −3.59, −3.41:, −3.23 −0.76, −0.52:, −0.27
J095123.92+354248.8 0.337786 17.65± 0.05 −1.12, −1.04, −0.95 −3.17, −3.10, −3.02 −0.06, +0.02, +0.10
J151428.64+361957.9 0.410675 17.75± 0.05 −1.87, −1.62, −1.29 −3.48, −3.22, −2.93 >+0.47, >+0.76, >+0.95
J111132.20+554725.9 0.463336 17.80± 0.05 −0.30, −0.23, −0.16 −3.26, −3.23, −3.19 · · ·
J122106.87+454852.1 0.470171 17.80± 0.15 −0.37, −0.13, +0.14 −3.07, −2.93:, −2.74 −0.38, −0.05:, +0.30
J095711.77+631010.0 0.730300 17.90± 0.10 −2.20, −2.10, −1.99 −3.26, −3.04:, −2.80 · · ·
J132652.44+292534.7 0.727500 17.90± 0.10 >−0.93, >+0.66, >+2.15 −3.26, −3.02:, −2.79 · · ·
J215501.50−092224.9 0.080923 17.98± 0.05 −0.30, −0.23, −0.16 −3.37, −3.33, −3.28 · · ·
J170648.06+321422.8 0.650500 18.05± 0.10 >−0.89, >+0.64, >+2.13 −3.25, −3.02:, −2.79 · · ·
J154553.63+093620.5 0.474040 18.15± 0.25 −0.60, −0.48, −0.35 −3.33, −3.18, −3.02 · · ·
J031155.23−765150.8 0.202600 18.22± 0.20 −0.59, −0.46, −0.31 −3.02, −2.93, −2.83 · · ·
J100902.06+071343.8 0.355967 18.68± 0.18 −0.92, −0.82, −0.71 −2.80, −2.57, −2.34 · · ·
J020930.74−043826.2 0.390472 18.99± 0.02 −1.16, −1.10, −1.05 −3.03, −2.88, −2.73 · · ·
Note— The lower to upper bounds for each quantity represent the 68% CI for detections and the 80% CI for the upper or lower limits; the
middle number is the median metallicity. When a colon is present after the median value of logU , this implies that a logU Gaussian prior
was used to determine the properties of the absorber. aProximate absorbers, i.e., absorbers with ∆v ≡ (zem − zabs)/(1 + zabs) c < 3000
km s−1 (see Paper I).
Table 3. Closely Redshift Separated Absorbers
Target [logN1H I, logN
2
H I] [z
1
abs, z
2
abs] ∆vc Type ([[X/H]
1), ([X/H]2)]
[cm−2] (km s−1)
J004705.89+031954.9 [15.57, 15.56] [0.313870, 0.314257] 88.3 Int. [(−2.17,−1.61,−1.08), (−1.88,−1.37,−0.94)]
J011935.69-282131.4 [15.65, 16.03] [0.348326, 0.348731] 90.1 Prox [(−1.45,−1.30,−1.04), (−1.51,−1.43,−1.27)]
J020157.16-113233.1 [15.63, 15.47] [0.322565, 0.323073] 115.2a Int. [< (−4.75,−3.71,−2.28), (−0.50,−0.39,−0.28)]
J020157.16-113233.1 [15.47, 16.09] [0.323073, 0.323404] 75.0a Int. [(−0.50,−0.39,−0.28), (−0.45,−0.43,−0.40)]
J020157.16-113233.1 [16.09, 15.84] [0.323404, 0.324507] 249.9a Int. [(−0.45,−0.43,−0.40), (−1.24,−1.06,−0.77)]
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Table 3 (continued)
Target [logN1H I, logN
2
H I] [z
1
abs, z
2
abs] ∆vc Type ([[X/H]
1), ([X/H]2)]
[cm−2] (km s−1)
J035128.56-142908.0 [16.38, 16.55] [0.356924, 0.357173] 55.0 Int. [(−1.31,−1.24,−1.15), (−0.31,−0.22,−0.12)]
J044011.90-524818.0 [16.20, 15.66] [0.614962, 0.615662] 129.9 Int. [(−0.29,−0.27,−0.25), (−0.18,−0.13,−0.11)]
J084349.47+411741.6 [17.00, 16.17] [0.532565, 0.533507] 184.3 Int. [(−0.77,−0.60,−0.39), (−0.31,−0.26,−0.21)]
J094331.61+053131.4 [16.15, 16.00] [0.354599, 0.354927] 72.6 Int. [(−2.82,−2.30,−1.89), (−2.38,−1.93,−1.50)]
J100102.64+594414.2 [15.84, 16.52] [0.415649, 0.416042] 83.2 Int. [(−1.05,−0.89,−0.66), (−0.72,−0.60,−0.49)]
J100535.25+013445.5 [16.89, 15.79] [0.418522, 0.419686] 246.0 Int. [(−1.14,−1.08,−1.02), (−3.08,−2.47,−1.79)]
J100535.25+013445.5 [16.52, 16.36] [0.836989, 0.837390] 65.4b Int. [(−1.59,−1.51,−1.41), (−2.37,−2.19,−2.05)]
J100535.25+013445.5 [16.36, 16.13] [0.837390, 0.839400] 328.0b Int. [(−2.37,−2.19,−2.05), < (−4.59,−3.11,−1.74)]
J100902.06+071343.8 [16.45, 18.68] [0.355352, 0.355967] 136.0 Int. [(−0.42,−0.36,−0.30), (−0.92,−0.82,−0.71)]
J102056.37+100332.7 [16.48, 16.26] [0.464851, 0.465364] 105.0 Int. [< (−4.70,−3.55,−2.04), < (−4.67,−3.37,−1.79)]
J104117.16+061016.9 [15.55, 16.17] [0.654403, 0.655059] 118.9c Int. [(−0.73,−0.64,−0.54), (−1.60,−1.44,−1.28)]
J104117.16+061016.9 [16.17, 16.24] [0.655059, 0.655390] 60.0c Int. [(−1.60,−1.44,−1.28), (−0.27,−0.22,−0.17)]
J111754.23+263416.6 [15.81, 15.68] [0.351969, 0.352307] 74.9 Int. [(−0.45,−0.33,−0.20), (−2.41,−1.76,−1.06)]
J112553.78+591021.6 [15.79, 16.13] [0.557529, 0.558200] 129.2d Int. [(−0.70,−0.53,−0.30), (−1.20,−0.89,−0.48)]
J112553.78+591021.6 [16.13, 15.99] [0.558200, 0.558450] 48.1d Int. [(−1.20,−0.89,−0.48), (−1.22,−0.92,−0.63)]
J113457.71+255527.8 [15.69, 16.34] [0.431964, 0.432313] 73.1 Int. [(−0.89,−0.64,−0.34), (−0.84,−0.71,−0.57)]
J122454.44+212246.3 [15.83, 16.78] [0.420788, 0.421357] 120.1 Prox. [(−1.94,−1.83,−1.62), (−1.01,−0.95,−0.89)]
J124511.26+335610.1 [16.16, 16.91] [0.688948, 0.689370] 74.9 Int. [(−0.68,−0.64,−0.59), (−1.17,−1.09,−1.01)]
J134100.78+412314.0 [15.51, 16.09] [0.620752, 0.621428] 125.0 Int. [(+0.01,+0.03,+0.05), (−0.10,−0.09,−0.07)]
J141038.39+230447.1 [15.62, 15.46] [0.349849, 0.351043] 265.2 Int. [< (−4.49,−2.57,−0.84), < (−4.65,−3.30,−1.77)]
J150030.64+551708.8 [16.58, 15.42] [0.347272, 0.347999] 161.8 Int. [(−3.03,−2.26,−1.51), (−1.48,−0.88,−0.30)]
J155048.29+400144.9 [16.53, 15.62] [0.491977, 0.492632] 131.6 Prox. [(−0.42,−0.40,−0.38), (−0.21,−0.15,−0.07)]
J155232.54+570516.5 [16.28, 16.07] [0.366020, 0.366521] 110.0 Prox. [< (−4.55− 2.82,−1.20), (−1.17,−0.22,+0.94)]
J215647.46+224249.8 [15.25, 16.24] [0.619964, 0.621016] 194.7 Int. [< (−4.64− 3.21,−1.75), (−2.07,−1.93,−1.80)]
J215647.46+224249.8 [16.24, 16.11] [0.621016, 0.621378] 66.9 Int. [(−2.07,−1.93,−1.80), (−2.98,−2.47,−2.06)]
Note—Absorbers with ∆v ≡ (z2abs − z1abs)/(1 + z1abs) c < 500 km s−1 along the same sightline. For the metallicities, the lower to upper
bounds for each quantity represent the 68% CI for detections and the 80% CI for the upper or lower limits; the middle number is the
median metallicity.
Table 5. Physical Properties of the CCC Sample
QSO Name zabs logNH I logNH lognH log T l
[cm−2] [cm−2] [cm−3] [K] (kpc)
J035128.56−142908.0 0.328476 15.08± 0.05 17.55, 18.10, 18.63 −3.50, −3.05:, −2.61 4.12, 4.28, 4.40 0.05, 0.45, 4.38
J011016.25−021851.0 0.535375 15.11± 0.04 17.45, 17.98, 18.55 −3.18, −2.70:, −2.28 4.11, 4.26, 4.39 0.02, 0.15, 1.72
J124511.26+335610.1 0.587563 15.11± 0.05 17.77, 18.29, 18.88 −3.43, −2.93:, −2.50 4.19, 4.32, 4.44 0.06, 0.54, 6.59
J000559.23+160948.9 0.366204 15.13± 0.01 18.00, 18.06, 18.12 −3.15, −3.10, −3.05 4.01, 4.03, 4.06 0.37, 0.47, 0.60
J040748.42−121136.3 0.360742 15.14± 0.02 17.81, 17.87, 17.93 −2.87, −2.83, −2.79 4.10, 4.13, 4.14 0.13, 0.16, 0.20
J015513.20−450611.9 0.222165 15.16± 0.04 17.41, 18.10, 18.85 −3.71, −3.07:, −2.46 4.18, 4.30, 4.45 0.02, 0.48, 11.69
J121640.56+071224.3 0.382433 15.18± 0.04 17.70, 18.21, 18.80 −3.51, −3.03:, −2.66 4.05, 4.25, 4.40 0.07, 0.56, 6.75
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Table 4. Metallicity Statistics
Abs. Type [˜X/H] [X/H]
Entire sample
SLFSs −1.18 −1.47± 1.18
pLLSs −1.34 −1.41± 1.38
LLSs −0.59 −0.52± 1.19
pLLSs+LLSs −1.18 −1.19± 1.39
SLFSs+pLLSs+LLSs −1.18 −1.35± 1.28
Sample without limits
SLFSs −1.00 −1.11± 0.81
pLLSs −1.28 −1.29± 0.81
LLSs −1.10 −1.10± 0.72
pLLSs+LLSs −1.23 −1.24± 0.79
SLFSs+pLLSs+LLSs −1.07 −1.15± 0.82
Note—The tilde and bar above [X/H] repre-
sent the median and mean (with the stan-
dard deviation), respectively. To derive the
mean, median, and standard deviation we
directly use the walkers.
Table 5 (continued)
QSO Name zabs logNH I logNH lognH log T l
[cm−2] [cm−2] [cm−3] [K] (kpc)
J115120.46+543733.0 0.252465 15.19± 0.01 17.69, 18.05, 18.44 −3.32, −2.98, −2.68 4.17, 4.25, 4.34 0.08, 0.35, 1.90
J011016.25−021851.0 0.717956 15.25± 0.05 19.46, 19.79, 20.10 −4.25, −3.99, −3.73 4.51, 4.58, 4.64 50.60, 199.74, 724.68
J215647.46+224249.8 0.619964 15.25± 0.04 17.45, 18.10, 18.79 −3.18, −2.58:, −2.01 4.18, 4.29, 4.42 0.01, 0.16, 2.97
J134100.78+412314.0 0.463699 15.26± 0.04 17.42, 17.50, 17.57 −2.57, −2.49, −2.42 3.63, 3.74, 3.80 0.02, 0.03, 0.04
J135726.26+043541.3 0.610248 15.26± 0.02 18.47, 18.89, 19.41 −3.83, −3.36, −3.01 4.23, 4.33, 4.40 0.96, 5.77, 55.32
J215647.46+224249.8 0.592763 15.26± 0.04 18.17, 18.57, 19.07 −3.45, −3.04:, −2.69 4.26, 4.35, 4.45 0.23, 1.32, 10.76
J111132.20+554725.9 0.617506 15.28± 0.02 17.64, 18.03, 18.40 −2.97, −2.59, −2.22 4.10, 4.15, 4.19 0.02, 0.14, 0.76
J142859.03+322506.8 0.382333 15.29± 0.02 18.05, 18.52, 19.13 −3.70, −3.19, −2.82 4.15, 4.30, 4.43 0.24, 1.68, 21.60
J113956.98+654749.1 0.527941 15.30± 0.01 17.88, 18.10, 18.35 −2.85, −2.64, −2.46 4.19, 4.25, 4.30 0.07, 0.18, 0.51
J071950.89+742757.0 0.377707 15.31± 0.01 18.12, 18.51, 19.11 −3.66, −3.14, −2.83 4.22, 4.32, 4.45 0.29, 1.45, 19.10
J143748.28−014710.7 0.612744 15.31± 0.01 17.51, 17.85, 18.14 −2.64, −2.37, −2.06 4.13, 4.17, 4.19 0.01, 0.05, 0.19
J000559.23+160948.9 0.305789 15.33± 0.01 17.89, 18.51, 19.09 −3.67, −3.18:, −2.65 4.22, 4.34, 4.46 0.11, 1.60, 18.30
J133045.15+281321.5 0.275547 15.36± 0.03 17.62, 18.30, 19.02 −3.63, −3.00:, −2.41 4.18, 4.29, 4.43 0.04, 0.65, 14.50
J100110.20+291137.5 0.556468 15.38± 0.03 19.06, 19.42, 19.87 −4.20, −3.77, −3.46 4.31, 4.38, 4.44 10.78, 51.07, 383.88
J111132.20+554725.9 0.682730 15.38± 0.02 17.51, 18.18, 18.89 −3.10, −2.49:, −1.89 4.18, 4.28, 4.42 0.01, 0.15, 3.18
J063546.49−751616.8 0.417468 15.39± 0.01 18.18, 18.51, 18.83 −3.35, −3.06, −2.78 4.20, 4.28, 4.32 0.30, 1.20, 4.94
J113956.98+654749.1 0.325653 15.39± 0.01 17.48, 17.51, 17.55 −2.45, −2.42, −2.39 3.85, 3.90, 3.95 0.02, 0.03, 0.03
J091440.38+282330.6 0.599535 15.40± 0.02 17.05, 17.38, 17.71 −2.19, −1.89, −1.58 4.01, 4.07, 4.13 0.00, 0.01, 0.03
J124154.02+572107.3 0.217947 15.40± 0.04 17.48, 17.57, 17.66 −2.67, −2.59, −2.51 3.86, 3.91, 3.95 0.03, 0.05, 0.07
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Table 5 (continued)
QSO Name zabs logNH I logNH lognH log T l
[cm−2] [cm−2] [cm−3] [K] (kpc)
J093518.19+020415.5 0.354712 15.41± 0.05 17.98, 18.32, 18.67 −3.27, −2.98, −2.72 4.07, 4.18, 4.27 0.16, 0.64, 2.86
J101622.60+470643.3 0.263820 15.41± 0.03 17.82, 17.91, 18.01 −2.90, −2.81, −2.73 3.95, 3.98, 4.01 0.12, 0.17, 0.26
J122512.93+121835.7 0.324970 15.42± 0.03 17.59, 18.28, 18.98 −3.49, −2.89:, −2.30 4.15, 4.28, 4.42 0.03, 0.49, 9.53
J131956.23+272808.2 0.733811 15.42± 0.01 18.13, 18.57, 19.06 −3.19, −2.77:, −2.39 4.24, 4.33, 4.43 0.11, 0.72, 5.76
J150030.64+551708.8 0.347999 15.42± 0.02 17.88, 18.38, 18.94 −3.46, −3.02:, −2.64 4.03, 4.23, 4.38 0.11, 0.79, 8.19
J143748.28−014710.7 0.298949 15.44± 0.02 17.60, 18.25, 18.97 −3.47, −2.87:, −2.28 4.18, 4.28, 4.42 0.03, 0.42, 8.93
J075112.30+291938.3 0.494502 15.45± 0.01 18.16, 18.59, 19.07 −3.36, −2.95, −2.59 4.23, 4.33, 4.42 0.19, 1.13, 8.69
J092554.44+453544.5 0.309630 15.45± 0.03 18.07, 18.58, 19.20 −3.65, −3.14:, −2.70 4.22, 4.33, 4.46 0.19, 1.72, 22.83
J122454.44+212246.3 0.378447 15.45± 0.02 18.26, 18.37, 18.48 −3.12, −3.02, −2.94 4.05, 4.09, 4.13 0.52, 0.80, 1.29
J152424.58+095829.7 0.675378 15.45± 0.02 16.78, 17.97, 18.81 −3.00, −2.27, −1.15 4.05, 4.21, 4.36 0.00, 0.06, 2.10
J155304.92+354828.6 0.217943 15.45± 0.03 18.45, 18.60, 18.76 −3.54, −3.39, −3.26 4.13, 4.16, 4.19 1.66, 3.20, 6.43
J141038.39+230447.1 0.351043 15.46± 0.04 17.64, 18.31, 19.03 −3.45, −2.85:, −2.25 4.18, 4.29, 4.43 0.03, 0.47, 9.86
J152424.58+095829.7 0.571825 15.46± 0.01 17.87, 18.41, 19.00 −3.22, −2.71:, −2.24 4.21, 4.30, 4.42 0.04, 0.43, 5.40
J020157.16−113233.1 0.323073 15.47± 0.01 17.26, 17.34, 17.42 −2.16, −2.09, −2.02 3.95, 3.99, 4.03 0.01, 0.01, 0.01
J143748.28−014710.7 0.681207 15.47± 0.01 18.12, 18.59, 19.16 −3.26, −2.78:, −2.37 4.24, 4.33, 4.45 0.10, 0.76, 8.45
J024337.66−303048.0 0.303706 15.48± 0.04 17.76, 18.36, 18.98 −3.46, −2.93:, −2.44 4.13, 4.27, 4.41 0.05, 0.65, 8.99
J040148.98−054056.5 0.323769 15.48± 0.03 17.31, 17.65, 18.00 −2.63, −2.31, −2.00 4.05, 4.11, 4.16 0.01, 0.03, 0.14
J111507.65+023757.5 0.369213 15.48± 0.02 17.99, 18.48, 19.05 −3.45, −2.97:, −2.57 4.17, 4.29, 4.41 0.12, 0.92, 10.37
J035128.56−142908.0 0.439804 15.49± 0.02 17.76, 18.42, 19.14 −3.43, −2.82:, −2.23 4.19, 4.30, 4.44 0.03, 0.55, 12.07
J120158.75−135459.9 0.367445 15.49± 0.02 17.74, 18.41, 19.14 −3.52, −2.90:, −2.30 4.18, 4.29, 4.43 0.04, 0.67, 14.85
J004222.29−103743.8 0.316052 15.50± 0.04 18.33, 18.55, 18.79 −3.40, −3.15, −2.95 4.14, 4.19, 4.22 0.63, 1.66, 4.94
J100902.06+071343.8 0.375468 15.50± 0.07 17.35, 17.80, 18.16 −2.71, −2.38:, −1.97 4.06, 4.13, 4.18 0.01, 0.05, 0.24
J105945.24+144143.0 0.576490 15.50± 0.02 17.99, 18.57, 19.28 −3.45, −2.84, −2.37 4.14, 4.29, 4.44 0.07, 0.84, 17.58
J115120.46+543733.0 0.688567 15.51± 0.01 17.94, 18.54, 19.20 −3.25, −2.69:, −2.16 4.21, 4.32, 4.45 0.04, 0.55, 9.14
J121430.55+082508.1 0.383836 15.51± 0.04 17.69, 18.34, 19.04 −3.38, −2.79:, −2.21 4.18, 4.28, 4.42 0.03, 0.43, 8.58
J123335.07+475800.4 0.284947 15.51± 0.03 18.33, 18.63, 18.91 −3.43, −3.18, −2.93 4.22, 4.29, 4.34 0.59, 2.10, 7.17
J134100.78+412314.0 0.620752 15.51± 0.01 17.46, 17.53, 17.60 −2.14, −2.07, −2.00 3.82, 3.84, 3.86 0.01, 0.01, 0.02
J225357.75+160853.1 0.320621 15.51± 0.04 17.76, 18.44, 19.20 −3.59, −2.95:, −2.34 4.18, 4.30, 4.44 0.04, 0.80, 19.62
J012236.76−284321.3 0.364959 15.52± 0.02 18.82, 18.92, 19.01 −3.46, −3.39, −3.31 4.27, 4.29, 4.31 4.43, 6.56, 9.40
J004705.89+031954.9 0.448365 15.53± 0.02 17.82, 17.98, 18.14 −2.57, −2.43, −2.29 4.11, 4.16, 4.20 0.04, 0.08, 0.17
J100902.06+071343.8 0.337193 15.55± 0.14 18.44, 18.72, 19.01 −3.86, −3.42, −3.13 3.68, 3.93, 4.03 1.32, 4.55, 21.98
J104117.16+061016.9 0.654403 15.55± 0.02 17.32, 17.72, 18.13 −2.40, −2.01, −1.63 4.05, 4.10, 4.14 0.00, 0.02, 0.11
J004705.89+031954.9 0.314257 15.56± 0.03 18.23, 18.65, 19.16 −3.54, −3.12:, −2.76 4.20, 4.30, 4.42 0.32, 1.93, 16.20
J091440.38+282330.6 0.244249 15.56± 0.03 19.16, 19.30, 19.43 −3.90, −3.79, −3.67 4.35, 4.38, 4.40 21.73, 40.33, 69.25
J123304.05−003134.1 0.318758 15.56± 0.01 18.13, 18.31, 18.49 −3.02, −2.86, −2.70 4.14, 4.17, 4.21 0.22, 0.47, 1.06
J163201.12+373749.9 0.810995 15.56± 0.02 17.74, 18.39, 19.09 −3.03, −2.42:, −1.84 4.19, 4.29, 4.42 0.01, 0.21, 4.32
J004705.89+031954.9 0.313870 15.57± 0.05 18.17, 18.67, 19.27 −3.61, −3.11:, −2.69 4.20, 4.31, 4.44 0.24, 1.98, 24.50
J111239.11+353928.2 0.246496 15.58± 0.06 18.54, 18.95, 19.31 −3.82, −3.47, −3.11 4.22, 4.29, 4.33 1.49, 8.50, 43.72
J084349.47+411741.6 0.543679 15.59± 0.09 17.20, 17.36, 17.50 −2.07, −1.98, −1.87 3.60, 3.69, 3.77 0.00, 0.01, 0.01
J094331.61+053131.4 0.229019 15.59± 0.09 18.69, 19.13, 19.47 −3.99, −3.65, −3.25 4.25, 4.31, 4.36 2.79, 19.33, 93.17
J134447.55+554656.8 0.404153 15.60± 0.04 18.29, 18.82, 19.46 −3.69, −3.16:, −2.73 4.13, 4.29, 4.44 0.34, 3.03, 44.83
J011013.14−021952.8 0.718956 15.61± 0.02 18.89, 19.00, 19.11 −3.10, −3.01, −2.92 4.32, 4.35, 4.37 2.10, 3.26, 5.27
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Table 5 (continued)
QSO Name zabs logNH I logNH lognH log T l
[cm−2] [cm−2] [cm−3] [K] (kpc)
J155504.39+362848.0 0.576033 15.61± 0.04 17.63, 18.34, 19.12 −3.19, −2.51:, −1.87 4.16, 4.26, 4.41 0.01, 0.23, 6.54
J101622.60+470643.3 0.432210 15.62± 0.03 18.23, 18.84, 19.50 −3.65, −3.09:, −2.57 4.21, 4.34, 4.48 0.20, 2.81, 46.02
J141038.39+230447.1 0.349849 15.62± 0.03 17.76, 18.54, 19.32 −3.59, −2.92:, −2.22 4.15, 4.27, 4.43 0.03, 0.94, 26.47
J155048.29+400144.9 0.492632 15.62± 0.05 17.29, 17.59, 17.87 −2.33, −2.07, −1.80 3.85, 3.92, 3.96 0.00, 0.02, 0.05
J020157.16−113233.1 0.322565 15.63± 0.01 17.59, 18.33, 19.09 −3.39, −2.74:, −2.07 4.15, 4.26, 4.41 0.01, 0.38, 9.97
J040148.98−054056.5 0.219453 15.64± 0.04 18.66, 18.98, 19.29 −3.77, −3.48, −3.19 4.24, 4.30, 4.33 2.30, 9.33, 36.78
J011935.69−282131.4 0.348326 15.65± 0.01 18.21, 18.55, 18.93 −3.23, −2.91, −2.62 4.19, 4.27, 4.34 0.22, 0.92, 4.65
J140923.90+261820.9 0.574868 15.65± 0.01 17.77, 18.55, 19.33 −3.34, −2.67:, −1.97 4.17, 4.29, 4.44 0.02, 0.53, 14.93
J140923.90+261820.9 0.817046 15.65± 0.01 17.72, 18.47, 19.26 −3.09, −2.41:, −1.74 4.17, 4.28, 4.43 0.01, 0.24, 7.25
J044011.90−524818.0 0.615662 15.66± 0.01 18.71, 18.73, 18.77 −3.02, −2.99, −2.97 4.05, 4.06, 4.07 1.54, 1.70, 1.96
J155048.29+400144.9 0.427306 15.66± 0.03 18.84, 19.00, 19.17 −3.41, −3.27, −3.14 4.23, 4.27, 4.31 3.08, 6.09, 12.36
J084349.47+411741.6 0.541051 15.67± 0.19 18.08, 18.69, 19.39 −3.38, −2.80:, −2.30 4.19, 4.30, 4.45 0.08, 0.99, 18.66
J063546.49−751616.8 0.452768 15.68± 0.01 16.70, 17.09, 17.53 −1.90, −1.51, −1.18 3.75, 3.94, 4.04 0.00, 0.00, 0.01
J075112.30+291938.3 0.431765 15.68± 0.01 18.26, 18.72, 19.26 −3.38, −2.92:, −2.52 4.23, 4.31, 4.42 0.19, 1.40, 13.93
J111754.23+263416.6 0.352307 15.68± 0.03 18.00, 18.59, 19.27 −3.47, −2.89:, −2.40 4.16, 4.28, 4.42 0.08, 0.98, 17.70
J121430.55+082508.1 0.324710 15.68± 0.02 17.76, 18.51, 19.29 −3.52, −2.86:, −2.20 4.15, 4.27, 4.43 0.03, 0.75, 21.11
J155304.92+354828.6 0.475466 15.68± 0.04 17.62, 17.82, 18.05 −2.39, −2.19, −2.00 4.00, 4.03, 4.05 0.01, 0.03, 0.09
J113457.71+255527.8 0.431964 15.69± 0.02 18.65, 18.99, 19.32 −3.57, −3.24:, −2.94 4.15, 4.23, 4.29 1.24, 5.56, 25.11
J130429.02+311308.2 0.309948 15.70± 0.02 18.55, 19.05, 19.62 −3.81, −3.34:, −2.92 4.23, 4.35, 4.48 0.95, 7.85, 87.91
J130451.40+245445.9 0.276315 15.70± 0.03 17.65, 18.41, 19.17 −3.45, −2.79:, −2.11 4.14, 4.26, 4.41 0.02, 0.51, 13.66
J163201.12+373749.9 0.417740 15.70± 0.01 18.02, 18.07, 18.12 −2.52, −2.47, −2.43 4.02, 4.03, 4.04 0.09, 0.11, 0.14
J023507.38−040205.6 0.807754 15.71± 0.01 19.29, 19.33, 19.37 −3.19, −3.16, −3.13 4.37, 4.37, 4.38 8.46, 9.88, 11.59
J105945.24+144143.0 0.465822 15.71± 0.04 17.68, 18.41, 19.20 −3.26, −2.59:, −1.93 4.15, 4.26, 4.41 0.01, 0.33, 9.34
J120556.08+104253.8 0.256165 15.72± 0.05 17.57, 18.47, 19.28 −3.55, −2.89:, −2.31 3.85, 4.23, 4.41 0.02, 0.73, 21.63
J124511.26+335610.1 0.644918 15.74± 0.04 18.42, 18.55, 18.68 −2.68, −2.58, −2.47 4.20, 4.23, 4.25 0.26, 0.44, 0.73
J141910.20+420746.9 0.608265 15.75± 0.03 18.24, 18.76, 19.35 −3.24, −2.74:, −2.29 4.21, 4.31, 4.43 0.11, 1.01, 12.53
J215647.46+224249.8 0.601114 15.75± 0.04 17.76, 18.49, 19.28 −3.18, −2.50:, −1.84 4.16, 4.27, 4.42 0.01, 0.32, 9.37
J011013.14−021952.8 0.536490 15.76± 0.02 19.06, 19.40, 19.79 −3.68, −3.37, −3.12 4.28, 4.39, 4.50 4.92, 18.68, 96.75
J024649.86−300741.3 0.312304 15.76± 0.03 18.70, 19.09, 19.62 −3.76, −3.33:, −3.00 4.25, 4.34, 4.46 1.64, 8.53, 76.13
J122106.87+454852.1 0.502973 15.76± 0.02 19.06, 19.47, 19.96 −3.93, −3.50:, −3.12 4.27, 4.36, 4.47 4.84, 30.39, 249.53
J225738.20+134045.4 0.498882 15.76± 0.03 18.95, 19.37, 19.92 −3.83, −3.36, −3.01 4.31, 4.40, 4.51 2.94, 17.20, 182.49
J044011.90−524818.0 0.865140 15.77± 0.04 19.73, 20.30, 20.81 < −4.35, < −3.83, < −3.25 4.50, 4.61, 4.71 39.73, 435.96, 3836.29
J141910.20+420746.9 0.522082 15.77± 0.03 18.61, 19.05, 19.61 −3.52, −3.05:, −2.68 4.26, 4.35, 4.47 0.63, 4.05, 44.62
J100535.25+013445.5 0.419686 15.79± 0.02 18.11, 18.78, 19.49 −3.49, −2.89:, −2.29 4.19, 4.31, 4.45 0.08, 1.49, 31.40
J112553.78+591021.6 0.557529 15.79± 0.02 18.74, 18.87, 18.97 −3.01, −2.95, −2.88 4.09, 4.18, 4.23 1.35, 2.11, 3.02
J024649.86−300741.3 0.335895 15.81± 0.04 17.45, 17.91, 18.27 −2.63, −2.29:, −1.87 3.95, 4.02, 4.07 0.01, 0.05, 0.26
J111754.23+263416.6 0.351969 15.81± 0.02 17.47, 17.67, 17.86 −2.23, −2.06, −1.89 3.90, 3.97, 4.02 0.01, 0.02, 0.04
J140732.25+550725.4 0.246911 15.81± 0.10 17.73, 18.49, 19.25 −3.45, −2.79:, −2.13 4.14, 4.25, 4.40 0.02, 0.62, 16.21
J011013.14−021952.8 0.227191 15.83± 0.09 17.75, 17.80, 17.86 −2.58, −2.51, −2.46 3.80, 3.85, 3.87 0.06, 0.07, 0.08
J122454.44+212246.3 0.420788 15.83± 0.01 18.72, 19.05, 19.27 −3.28, −3.09, −2.81 4.28, 4.35, 4.39 1.10, 4.54, 11.37
J141038.39+230447.1 0.265892 15.83± 0.03 17.78, 18.53, 19.31 −3.46, −2.80:, −2.12 4.15, 4.26, 4.41 0.03, 0.69, 18.79
J020157.16−113233.1 0.324507 15.84± 0.01 18.84, 19.27, 19.69 −3.82, −3.40, −3.03 4.25, 4.32, 4.37 2.41, 15.19, 105.08
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QSO Name zabs logNH I logNH lognH log T l
[cm−2] [cm−2] [cm−3] [K] (kpc)
J100102.64+594414.2 0.415649 15.84± 0.02 18.55, 18.84, 19.08 −3.16, −2.95, −2.73 4.16, 4.24, 4.30 0.61, 1.99, 5.55
J120158.75−135459.9 0.409358 15.84± 0.02 18.63, 19.11, 19.68 −3.65, −3.16, −2.77 4.21, 4.33, 4.46 0.81, 6.04, 69.15
J110539.79+342534.3 0.238808 15.85± 0.02 19.26, 19.46, 19.70 −3.89, −3.65, −3.47 4.36, 4.38, 4.40 17.71, 42.42, 125.18
J044011.90−524818.0 0.327932 15.86± 0.01 18.11, 18.91, 19.63 −3.64, −3.04:, −2.34 4.17, 4.32, 4.47 0.09, 2.92, 59.93
J161916.54+334238.4 0.442306 15.86± 0.03 18.41, 18.99, 19.68 −3.56, −2.99:, −2.48 4.23, 4.34, 4.48 0.25, 3.08, 56.71
J140923.90+261820.9 0.599561 15.88± 0.01 18.03, 18.05, 18.06 −2.18, −2.17, −2.16 3.92, 3.93, 3.93 0.05, 0.05, 0.06
J011013.14−021952.8 0.876403 15.91± 0.02 18.44, 18.53, 18.62 −2.34, −2.27, −2.20 4.12, 4.15, 4.18 0.14, 0.20, 0.30
J011623.04+142940.5 0.333777 15.92± 0.06 18.49, 18.66, 18.83 −2.94, −2.80, −2.66 4.17, 4.21, 4.24 0.47, 0.94, 1.90
J125846.65+242739.1 0.226199 15.92± 0.08 18.07, 18.79, 19.57 −3.64, −3.01:, −2.44 4.09, 4.27, 4.44 0.10, 2.06, 52.25
J135704.44+191907.3 0.521468 15.92± 0.01 17.99, 18.70, 19.40 −3.21, −2.60:, −2.01 4.12, 4.26, 4.40 0.03, 0.64, 13.25
J095914.83+320357.2 0.442677 15.93± 0.03 18.39, 18.97, 19.68 −3.50, −2.91:, −2.40 4.21, 4.32, 4.46 0.20, 2.49, 48.21
J055224.49−640210.7 0.446088 15.94± 0.01 19.43, 19.49, 19.56 −3.41, −3.36, −3.31 4.38, 4.40, 4.41 17.67, 23.03, 29.93
J122317.79+092306.9 0.379535 15.94± 0.02 17.80, 17.92, 18.03 −2.16, −2.07, −1.97 4.04, 4.09, 4.13 0.02, 0.03, 0.05
J112553.78+591021.6 0.678351 15.96± 0.02 17.90, 18.63, 19.43 −3.06, −2.37:, −1.71 4.15, 4.26, 4.41 0.01, 0.33, 10.10
J101622.60+470643.3 0.664722 15.99± 0.03 17.99, 18.72, 19.52 −3.12, −2.44:, −1.77 4.16, 4.27, 4.42 0.02, 0.47, 14.03
J112553.78+591021.6 0.558450 15.99± 0.02 17.45, 17.60, 17.76 −1.67, −1.53, −1.39 4.03, 4.08, 4.11 0.00, 0.00, 0.01
J142859.03+322506.8 0.516578 15.99± 0.01 19.85, 19.91, 19.96 −3.63, −3.59, −3.55 4.46, 4.48, 4.49 81.36, 101.60, 127.40
J094331.61+053131.4 0.354927 16.00± 0.04 19.13, 19.78, 20.32 −4.10, −3.63:, −3.08 4.32, 4.45, 4.55 5.31, 82.38, 838.82
J075112.30+291938.3 0.829173 16.02± 0.01 18.25, 18.37, 18.48 −2.09, −1.98, −1.88 4.18, 4.20, 4.22 0.04, 0.07, 0.12
J141542.90+163413.7 0.481677 16.02± 0.01 18.52, 18.60, 18.68 −2.56, −2.50, −2.43 4.17, 4.19, 4.21 0.29, 0.41, 0.56
J011935.69−282131.4 0.348731 16.03± 0.01 18.81, 19.06, 19.32 −3.23, −3.01, −2.80 4.24, 4.29, 4.34 1.30, 3.88, 11.36
J140732.25+550725.4 0.243328 16.04± 0.05 18.05, 18.79, 19.58 −3.53, −2.86:, −2.21 4.15, 4.26, 4.42 0.06, 1.43, 41.39
J000559.23+160948.9 0.347925 16.06± 0.01 18.08, 18.13, 18.17 −2.26, −2.22, −2.18 4.03, 4.04, 4.05 0.06, 0.07, 0.09
J113910.70−135044.0 0.319498 16.06± 0.02 18.81, 19.22, 19.70 −3.53, −3.14:, −2.79 4.25, 4.33, 4.44 1.30, 7.33, 54.71
J023507.38−040205.6 0.322464 16.07± 0.01 18.65, 19.25, 19.86 −3.65, −3.15:, −2.63 4.23, 4.34, 4.48 0.61, 8.25, 104.52
J155232.54+570516.5 0.366521 16.07± 0.04 17.69, 18.78, 19.74 −3.60, −2.94:, −2.49 2.72, 4.05, 4.35 0.06, 1.51, 71.43
J234500.43−005936.0 0.548121 16.07± 0.03 18.18, 18.54, 18.79 −2.62, −2.39, −2.06 4.06, 4.10, 4.12 0.06, 0.28, 0.83
J020157.16−113233.1 0.323404 16.08± 0.01 18.16, 18.18, 18.19 −2.28, −2.27, −2.26 4.01, 4.02, 4.02 0.08, 0.09, 0.10
J134100.78+412314.0 0.621428 16.09± 0.01 18.17, 18.20, 18.23 −2.13, −2.11, −2.09 3.90, 3.90, 3.91 0.06, 0.07, 0.07
J080908.13+461925.6 0.619130 16.10± 0.01 20.23, 20.57, 20.82 < −4.43, < −4.16, < −3.72 4.27, 4.37, 4.45 360.52, 1761.45, 5261.44
J094331.61+053131.4 0.354599 16.10± 0.05 18.97, 19.57, 20.19 −3.85, −3.36:, −2.85 4.28, 4.40, 4.54 2.14, 28.13, 358.54
J215647.46+224249.8 0.621378 16.11± 0.02 18.97, 19.42, 20.00 −3.45, −2.97:, −2.59 4.28, 4.37, 4.50 1.16, 7.82, 90.83
J100535.25+013445.5 0.839400 16.13± 0.01 18.24, 19.00, 19.80 −3.12, −2.43:, −1.75 4.17, 4.29, 4.44 0.03, 0.88, 27.04
J112553.78+591021.6 0.558200 16.13± 0.02 17.43, 17.87, 18.30 −2.04, −1.64, −1.26 3.97, 4.08, 4.15 0.00, 0.01, 0.07
J105956.14+121151.1 0.332377 16.14± 0.02 18.25, 19.00, 19.79 −3.53, −2.87:, −2.19 4.16, 4.27, 4.43 0.09, 2.42, 67.96
J110047.85+104613.2 0.415099 16.15± 0.04 18.45, 19.11, 19.83 −3.46, −2.86:, −2.29 4.18, 4.30, 4.45 0.18, 3.02, 63.83
J141910.20+420746.9 0.534585 16.15± 0.05 18.16, 18.26, 18.37 −2.18, −2.10, −2.02 3.99, 4.02, 4.04 0.05, 0.07, 0.11
J124511.26+335610.1 0.688948 16.16± 0.03 19.38, 19.43, 19.47 −3.01, −2.99, −2.97 4.22, 4.23, 4.25 7.36, 8.39, 9.66
J084349.47+411741.6 0.533507 16.17± 0.04 18.77, 18.84, 18.90 −2.69, −2.65, −2.61 4.01, 4.03, 4.05 0.80, 0.99, 1.24
J104117.16+061016.9 0.655059 16.17± 0.02 18.01, 18.43, 18.85 −2.41, −2.03, −1.64 4.13, 4.18, 4.24 0.01, 0.09, 0.58
J141910.20+420746.9 0.425592 16.17± 0.05 19.01, 19.26, 19.49 −3.17, −2.98:, −2.78 4.25, 4.30, 4.35 1.98, 5.64, 14.89
J143511.53+360437.2 0.387594 16.18± 0.06 19.62, 19.74, 19.86 −3.54, −3.46, −3.37 4.33, 4.36, 4.39 32.39, 51.32, 80.63
Table 5 continued
48 Lehner et al.
Table 5 (continued)
QSO Name zabs logNH I logNH lognH log T l
[cm−2] [cm−2] [cm−3] [K] (kpc)
J044011.90−524818.0 0.614962 16.20± 0.01 19.01, 19.04, 19.06 −2.76, −2.74, −2.71 4.05, 4.06, 4.07 1.74, 1.93, 2.14
J111908.59+211918.0 0.138500 16.22± 0.02 18.70, 18.78, 18.87 −3.02, −2.94, −2.87 4.09, 4.10, 4.11 1.20, 1.69, 2.48
J152424.58+095829.7 0.518500 16.22± 0.02 18.06, 18.12, 18.17 −1.89, −1.84, −1.79 4.05, 4.06, 4.07 0.02, 0.03, 0.04
J104117.16+061016.9 0.655390 16.24± 0.02 17.06, 17.14, 17.22 −0.88, −0.80, −0.73 3.79, 3.83, 3.86 0.00, 0.00, 0.00
J215647.46+224249.8 0.621016 16.24± 0.02 18.61, 18.90, 19.16 −2.63, −2.40:, −2.15 4.20, 4.25, 4.29 0.19, 0.65, 2.02
J101622.60+470643.3 0.727771 16.26± 0.09 17.59, 18.04, 18.47 −1.91, −1.52:, −1.08 4.07, 4.12, 4.17 0.00, 0.01, 0.08
J102056.37+100332.7 0.465364 16.26± 0.02 18.06, 18.76, 19.51 −3.04, −2.40:, −1.76 4.13, 4.22, 4.36 0.02, 0.46, 11.36
J155232.54+570516.5 0.366020 16.28± 0.02 18.20, 18.95, 19.70 −3.30, −2.66:, −1.98 4.14, 4.24, 4.38 0.05, 1.33, 32.50
J044117.31−431345.4 0.440820 16.31± 0.01 17.96, 18.01, 18.05 −1.98, −1.96, −1.95 3.67, 3.73, 3.78 0.03, 0.03, 0.03
J122317.79+092306.9 0.455686 16.31± 0.02 18.73, 19.22, 19.83 −3.28, −2.77:, −2.35 4.20, 4.29, 4.42 0.39, 3.15, 42.31
J104117.16+061016.9 0.643108 16.33± 0.02 19.48, 19.84, 20.33 −3.50, −3.11:, −2.81 4.33, 4.41, 4.52 6.27, 28.90, 216.73
J093603.88+320709.3 0.390435 16.34± 0.05 18.14, 18.31, 18.47 −2.23, −2.08, −1.94 3.98, 4.03, 4.06 0.04, 0.08, 0.16
J113457.71+255527.8 0.432313 16.34± 0.01 18.91, 19.18, 19.53 −3.14, −2.81:, −2.56 4.14, 4.18, 4.22 0.95, 3.18, 15.39
J121920.93+063838.5 0.282308 16.34± 0.01 18.79, 18.96, 19.17 −2.90, −2.71, −2.57 4.18, 4.21, 4.25 0.74, 1.51, 3.75
J134100.78+412314.0 0.348827 16.34± 0.01 18.54, 18.58, 18.62 −2.38, −2.34, −2.30 4.10, 4.11, 4.12 0.23, 0.27, 0.32
J141910.20+420746.9 0.288976 16.35± 0.05 19.13, 19.34, 19.58 −3.38, −3.13, −2.94 4.12, 4.14, 4.16 3.86, 9.59, 28.99
J100535.25+013445.5 0.837390 16.36± 0.02 19.77, 19.95, 20.17 −3.21, −3.03, −2.89 4.39, 4.43, 4.48 14.67, 30.79, 78.02
J035128.56−142908.0 0.356924 16.38± 0.02 19.22, 19.34, 19.45 −3.03, −2.94, −2.85 4.24, 4.26, 4.29 3.81, 6.08, 9.76
J171654.19+302701.4 0.710300 16.40± 0.25 18.25, 19.07, 19.95 −3.08, −2.36:, −1.65 4.15, 4.26, 4.41 0.03, 0.88, 33.14
J140923.90+261820.9 0.682684 16.41± 0.01 20.44, 20.48, 20.52 −3.63, −3.60, −3.57 4.54, 4.55, 4.56 333.58, 393.66, 460.61
J132503.81+271718.7 0.433434 16.43± 0.05 18.18, 18.89, 19.66 −3.06, −2.39:, −1.74 4.12, 4.22, 4.36 0.03, 0.63, 17.03
J040748.42−121136.3 0.167160 16.45± 0.05 18.82, 18.87, 18.93 −2.84, −2.81, −2.79 3.98, 3.99, 4.00 1.37, 1.58, 1.81
J100902.06+071343.8 0.355352 16.45± 0.05 18.70, 18.78, 18.86 −2.55, −2.48, −2.42 3.99, 4.02, 4.04 0.44, 0.59, 0.80
J141038.39+230447.1 0.535079 16.47± 0.02 19.66, 20.42, 21.12 −4.09, −3.53, −2.92 4.34, 4.52, 4.68 12.29, 287.62, 5227.34
J063546.49−751616.8 0.468486 16.48± 0.07 18.50, 18.93, 19.25 −2.70, −2.41, −2.00 4.09, 4.14, 4.17 0.10, 0.70, 2.84
J102056.37+100332.7 0.464851 16.48± 0.06 18.25, 18.96, 19.73 −3.03, −2.38:, −1.73 4.13, 4.22, 4.36 0.03, 0.72, 18.57
J124511.26+335610.1 0.712976 16.48± 0.02 19.38, 19.51, 19.62 −2.74, −2.64, −2.54 4.28, 4.31, 4.33 2.71, 4.56, 7.38
J134100.78+412314.0 0.686086 16.50± 0.02 18.91, 18.96, 19.01 −2.33, −2.29, −2.25 4.05, 4.06, 4.07 0.48, 0.58, 0.70
J171654.19+302701.4 0.756000 16.50± 0.20 18.37, 19.17, 20.03 −3.03, −2.30:, −1.60 4.15, 4.25, 4.41 0.03, 0.96, 36.30
J100102.64+594414.2 0.416042 16.52± 0.02 18.99, 19.09, 19.20 −2.68, −2.59, −2.52 4.07, 4.11, 4.15 1.04, 1.56, 2.43
J100535.25+013445.5 0.836989 16.52± 0.02 19.13, 19.22, 19.31 −2.35, −2.28, −2.21 4.23, 4.25, 4.26 0.71, 1.03, 1.48
J155048.29+400144.9 0.491977 16.53± 0.02 18.61, 18.68, 18.75 −2.23, −2.16, −2.10 4.01, 4.02, 4.03 0.17, 0.23, 0.31
J124511.26+335610.1 0.556684 16.54± 0.03 19.09, 19.55, 20.15 −3.24, −2.75:, −2.35 4.23, 4.31, 4.44 0.90, 6.61, 78.12
J035128.56−142908.0 0.357173 16.55± 0.10 18.25, 18.30, 18.36 −2.02, −1.93, −1.85 3.85, 3.90, 3.93 0.05, 0.06, 0.07
J142735.59+263214.6 0.366054 16.55± 0.03 18.36, 19.06, 19.84 −3.17, −2.51:, −1.87 4.12, 4.22, 4.36 0.05, 1.21, 33.12
J154121.48+281706.2 0.282454 16.55± 0.02 18.40, 19.10, 19.86 −3.27, −2.63:, −1.99 4.13, 4.23, 4.37 0.08, 1.77, 43.73
J230222.41−550827.1 0.586710 16.55± 0.02 18.07, 18.58, 19.08 −2.32, −1.86, −1.38 4.08, 4.15, 4.21 0.01, 0.09, 0.80
J150030.64+551708.8 0.347272 16.58± 0.01 18.73, 19.29, 20.01 −3.31, −2.70:, −2.21 4.16, 4.25, 4.39 0.28, 3.20, 67.75
J161916.54+334238.4 0.269400 16.59± 0.03 19.35, 19.61, 19.86 −3.26, −3.05, −2.84 4.25, 4.30, 4.35 5.06, 15.00, 42.10
J225541.64+145715.9 0.446000 16.60± 0.30 18.48, 19.29, 20.17 −3.30, −2.60:, −1.90 4.15, 4.25, 4.40 0.08, 2.47, 88.90
J152424.58+095829.7 0.728885 16.63± 0.05 21.42, 21.53, 21.58 < −4.49, < −4.46, < −4.32 4.75, 4.77, 4.77 19868.70, 32057.64, 37861.52
J161916.54+334238.4 0.470800 16.64± 0.02 18.79, 18.93, 19.04 −2.31, −2.21:, −2.08 4.15, 4.17, 4.19 0.24, 0.45, 0.73
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Table 5 (continued)
QSO Name zabs logNH I logNH lognH log T l
[cm−2] [cm−2] [cm−3] [K] (kpc)
J153602.46+393207.0 0.454000 16.65± 0.20 18.55, 19.38, 20.23 −3.31, −2.61:, −1.89 4.15, 4.26, 4.42 0.09, 3.16, 109.17
J023507.38−040205.6 0.738890 16.67± 0.01 19.55, 19.60, 19.65 −2.59, −2.55, −2.51 4.25, 4.26, 4.27 3.66, 4.55, 5.64
J143511.53+360437.2 0.372981 16.68± 0.05 18.28, 18.64, 19.05 −2.36, −1.99, −1.66 4.10, 4.14, 4.20 0.03, 0.14, 0.83
J155048.29+400144.9 0.312618 16.69± 0.02 18.93, 18.99, 19.06 −2.46, −2.41, −2.35 4.14, 4.15, 4.15 0.63, 0.82, 1.07
J091431.77+083742.6 0.507220 16.70± 0.03 19.20, 19.31, 19.43 −2.55, −2.46, −2.36 4.19, 4.21, 4.24 1.18, 1.89, 3.09
J135559.88+260038.9 0.485200 16.70± 0.15 18.60, 19.32, 20.05 −3.15, −2.49:, −1.85 4.12, 4.21, 4.30 0.09, 2.10, 50.11
J015513.20−450611.9 0.225958 16.71± 0.07 19.21, 19.32, 19.48 −2.90, −2.78, −2.70 4.16, 4.18, 4.20 2.65, 4.09, 7.54
J105956.14+121151.1 0.565429 16.71± 0.03 18.57, 19.31, 20.09 −3.05, −2.38:, −1.71 4.14, 4.24, 4.38 0.06, 1.61, 44.69
J023507.38−040205.6 0.739200 16.72± 0.03 19.65, 19.73, 19.80 −2.66, −2.61, −2.55 4.28, 4.29, 4.30 5.21, 6.99, 9.42
J095711.77+631010.0 0.910000 16.75± 0.20 18.67, 19.45, 20.30 −2.93, −2.23:, −1.53 4.15, 4.26, 4.41 0.05, 1.57, 53.87
J135559.88+260038.9 0.536000 16.75± 0.10 17.73, 18.48, 19.36 −3.11, −2.46:, −1.84 2.16, 2.71, 3.88 0.01, 0.29, 7.68
J163156.13+435943.5 0.519600 16.75± 0.10 17.80, 18.59, 19.46 −3.15, −2.51:, −1.88 2.19, 2.84, 3.99 0.02, 0.43, 9.97
J225350.09+140210.2 0.327000 16.75± 0.20 18.67, 19.40, 20.14 −3.32, −2.68:, −2.04 4.13, 4.23, 4.33 0.17, 3.95, 91.09
J225350.09+140210.2 0.573700 16.75± 0.15 17.71, 18.44, 19.32 −3.09, −2.45:, −1.80 2.15, 2.63, 3.75 0.01, 0.26, 6.88
J011016.25−021851.0 0.399146 16.77± 0.02 19.37, 19.46, 19.55 −2.72, −2.64, −2.57 4.21, 4.22, 4.24 2.82, 4.08, 5.90
J122454.44+212246.3 0.421357 16.78± 0.03 19.14, 19.29, 19.51 −2.68, −2.49, −2.35 4.15, 4.17, 4.19 1.02, 1.95, 5.09
J081002.69+502538.7 0.650000 16.82± 0.15 18.91, 19.21, 19.51 −2.37, −2.13:, −1.90 4.17, 4.21, 4.25 0.22, 0.72, 2.37
J132503.81+271718.7 0.384634 16.83± 0.03 19.04, 19.24, 19.45 −2.59, −2.40:, −2.23 4.16, 4.19, 4.22 0.60, 1.40, 3.51
J130631.62+435100.3 0.668600 16.85± 0.10 17.87, 18.32, 19.05 −2.34, −2.12:, −1.90 2.12, 2.76, 3.94 0.02, 0.10, 0.56
J225541.64+145715.9 0.805100 16.85± 0.10 17.87, 18.30, 19.02 −2.24, −2.01:, −1.79 2.13, 2.74, 3.91 0.02, 0.08, 0.41
J100535.25+013445.5 0.418522 16.89± 0.04 18.94, 19.24, 19.59 −2.65, −2.32, −2.06 4.12, 4.16, 4.20 0.32, 1.18, 5.65
J091029.75+101413.5 0.419263 16.90± 0.15 19.20, 19.47, 19.74 −2.71, −2.50:, −2.31 4.20, 4.23, 4.27 1.07, 3.01, 8.73
J100906.35+023555.2 0.488000 16.90± 0.15 19.01, 19.31, 19.60 −2.52, −2.30:, −2.07 4.15, 4.19, 4.22 0.40, 1.31, 4.15
J171654.19+302701.4 0.399500 16.90± 0.20 18.99, 19.31, 19.63 −2.62, −2.39:, −2.16 4.17, 4.20, 4.24 0.49, 1.62, 5.47
J124511.26+335610.1 0.689370 16.91± 0.06 19.75, 19.84, 19.94 −2.68, −2.61, −2.56 4.23, 4.24, 4.25 6.91, 9.31, 13.16
J100502.34+465927.3 0.841300 16.92± 0.15 17.92, 18.31, 18.98 −2.22, −1.99:, −1.77 2.12, 2.63, 3.75 0.02, 0.07, 0.36
J080003.90+421253.2 0.598000 16.95± 0.20 19.03, 19.36, 19.68 −2.42, −2.19:, −1.96 4.17, 4.20, 4.24 0.34, 1.15, 3.84
J095045.71+302518.4 0.587600 16.95± 0.15 17.96, 18.41, 19.14 −2.42, −2.20:, −1.97 2.11, 2.75, 3.88 0.03, 0.15, 0.86
J102056.37+100332.7 0.319411 16.95± 0.10 19.09, 19.36, 19.64 −2.73, −2.49:, −2.26 4.12, 4.17, 4.22 0.74, 2.32, 7.45
J163201.12+373749.9 0.273950 16.97± 0.03 19.50, 19.62, 19.79 −2.88, −2.73, −2.63 4.21, 4.23, 4.25 4.39, 7.30, 14.95
J120858.01+454035.4 0.927000 16.99± 0.06 19.26, 19.32, 19.38 −1.98, −1.96, −1.93 3.96, 3.98, 4.00 0.53, 0.62, 0.72
J084349.47+411741.6 0.532565 17.00± 0.10 19.06, 19.36, 19.71 −2.59, −2.29, −2.05 4.01, 4.09, 4.14 0.42, 1.43, 6.34
J113910.70−135044.0 0.332950 17.00± 0.05 19.75, 19.86, 19.97 −2.93, −2.85, −2.77 4.24, 4.26, 4.28 10.77, 16.46, 25.51
J142107.56+253821.0 0.641450 17.00± 0.05 19.59, 19.80, 20.02 −2.69, −2.50:, −2.32 4.23, 4.27, 4.30 2.65, 6.39, 16.40
J055224.49−640210.7 0.345149 17.02± 0.03 19.09, 19.57, 20.33 −3.21, −2.56, −2.13 4.16, 4.22, 4.35 0.53, 4.36, 113.98
J130100.86+281944.7 0.436777 17.05± 0.15 18.77, 19.05, 19.29 −2.22, −2.10, −2.02 3.80, 4.00, 4.10 0.21, 0.45, 0.99
J151907.61+440424.4 0.604200 17.05± 0.10 18.06, 18.51, 19.23 −2.42, −2.19:, −1.96 2.11, 2.76, 3.91 0.04, 0.18, 1.00
J130532.99−103319.0 0.094870 17.06± 0.12 19.05, 19.19, 19.32 −2.59, −2.53, −2.48 4.14, 4.15, 4.16 1.16, 1.70, 2.51
J093603.88+320709.3 0.575283 17.15± 0.15 18.41, 18.96, 19.36 −2.15, −1.95, −1.80 3.06, 3.88, 4.06 0.06, 0.23, 0.96
J150031.80+483646.8 0.898000 17.15± 0.15 19.23, 19.52, 19.81 −2.18, −1.95:, −1.73 4.17, 4.21, 4.24 0.31, 0.96, 3.06
J080630.30+144242.4 0.923800 17.20± 0.20 19.24, 19.56, 19.87 −2.18, −1.94:, −1.71 4.16, 4.19, 4.23 0.31, 1.03, 3.40
J132652.44+292534.7 0.732400 17.20± 0.30 18.19, 18.81, 19.58 −2.31, −2.08:, −1.86 2.17, 3.09, 4.06 0.05, 0.27, 1.75
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Table 5 (continued)
QSO Name zabs logNH I logNH lognH log T l
[cm−2] [cm−2] [cm−3] [K] (kpc)
J101622.60+470643.3 0.252326 17.25± 0.10 19.24, 19.41, 19.60 −2.57, −2.41, −2.26 4.02, 4.05, 4.08 1.04, 2.16, 4.62
J134447.55+554656.8 0.552615 17.25± 0.15 19.50, 19.71, 19.94 −2.48, −2.32, −2.18 4.17, 4.19, 4.22 1.62, 3.44, 8.22
J152843.91+520517.7 0.580900 17.27± 0.10 18.24, 18.68, 19.42 −2.43, −2.21:, −1.98 2.10, 2.76, 3.89 0.07, 0.28, 1.64
J163428.98+703132.4 1.041400 17.30± 0.30 19.26, 19.67, 20.04 −2.18, −1.90:, −1.62 4.16, 4.20, 4.24 0.26, 1.17, 5.04
J094930.30−051453.9 0.749827 17.35± 0.05 19.49, 19.62, 19.81 −2.17, −1.99, −1.88 4.15, 4.17, 4.19 0.76, 1.32, 3.08
J080630.30+144242.4 1.094300 17.40± 0.20 18.33, 18.82, 19.57 −2.08, −1.85:, −1.62 2.14, 2.88, 3.97 0.04, 0.16, 1.01
J094930.30−051453.9 0.635183 17.40± 0.05 18.80, 18.85, 18.90 −1.52, −1.47:, −1.41 3.91, 3.92, 3.93 0.05, 0.07, 0.08
J080424.96+274323.1 0.910600 17.45± 0.10 19.50, 19.77, 20.03 −2.17, −1.95:, −1.72 4.16, 4.20, 4.23 0.54, 1.67, 5.04
J081007.63+542443.7 0.857000 17.50± 0.15 18.42, 18.95, 19.68 −2.23, −1.99:, −1.77 2.14, 2.96, 4.00 0.06, 0.32, 1.83
J095045.71+302518.4 0.573900 17.50± 0.15 18.43, 19.04, 19.76 −2.45, −2.22:, −1.99 2.14, 3.10, 4.07 0.12, 0.60, 3.83
J100906.35+023555.2 1.087500 17.50± 0.10 19.52, 19.78, 20.05 −2.08, −1.85:, −1.62 4.15, 4.18, 4.22 0.45, 1.37, 4.34
J101557.05+010913.6 0.588000 17.50± 0.05 18.45, 19.06, 19.76 −2.43, −2.21:, −1.98 2.13, 3.13, 4.09 0.12, 0.62, 3.68
J122222.55+041315.7 0.654700 17.55± 0.10 18.45, 18.99, 19.73 −2.37, −2.15:, −1.92 2.11, 2.96, 4.03 0.10, 0.49, 2.92
J135726.26+043541.3 0.328637 17.55± 0.05 19.25, 19.45, 19.64 −2.26, −2.09:, −1.91 4.12, 4.14, 4.16 0.47, 1.14, 2.59
J095123.92+354248.8 0.337786 17.65± 0.05 19.71, 19.80, 19.89 −2.46, −2.39, −2.32 4.12, 4.13, 4.15 3.47, 4.99, 7.30
J151428.64+361957.9 0.410675 17.75± 0.05 19.45, 19.74, 20.06 −2.47, −2.19, −1.92 4.11, 4.15, 4.19 0.75, 2.71, 10.97
J111132.20+554725.9 0.463336 17.80± 0.05 19.52, 19.59, 19.65 −2.16, −2.12, −2.09 3.89, 3.93, 3.96 1.36, 1.65, 2.05
J122106.87+454852.1 0.470171 17.80± 0.15 19.62, 19.83, 20.04 −2.60, −2.41:, −2.27 3.73, 3.91, 4.00 2.74, 5.64, 13.02
J095711.77+631010.0 0.730300 17.90± 0.10 19.74, 19.99, 20.25 −2.30, −2.07:, −1.85 4.15, 4.18, 4.21 1.27, 3.75, 11.50
J132652.44+292534.7 0.727500 17.90± 0.10 18.63, 19.22, 19.95 −2.32, −2.09:, −1.85 2.11, 3.10, 4.09 0.13, 0.67, 4.33
J215501.50−092224.9 0.080923 17.98± 0.05 19.46, 19.53, 19.59 −2.55, −2.51, −2.46 3.86, 3.91, 3.94 2.72, 3.49, 4.50
J170648.06+321422.8 0.650500 18.05± 0.10 18.69, 19.29, 19.99 −2.38, −2.16:, −1.92 2.10, 3.15, 4.08 0.18, 0.90, 5.68
J154553.63+093620.5 0.474040 18.15± 0.25 19.61, 19.81, 20.01 −2.32, −2.15, −2.00 3.98, 4.03, 4.06 1.33, 2.97, 6.80
J031155.23−765150.8 0.202600 18.22± 0.20 19.88, 20.04, 20.18 −2.83, −2.73, −2.64 3.97, 4.03, 4.07 10.79, 18.87, 32.56
J100902.06+071343.8 0.355967 18.68± 0.18 20.27, 20.52, 20.78 −3.13, −2.89, −2.67 4.11, 4.14, 4.18 28.15, 83.66, 259.81
J020930.74−043826.2 0.390472 18.99± 0.02 20.10, 20.24, 20.41 −2.70, −2.54, −2.40 4.12, 4.14, 4.16 10.21, 19.84, 41.18
Note— The lower and upper bounds for each quantity represent the 68% CI, while the middle value is the median value. When a colon
is present after the median value of lognH, this implies that a logU Gaussian prior was used to determine the properties of the absorber
(see §2.2).
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Table 6. Statistical Physical Properties of the Absorbers
Absorber ˜logNH I logNH I ˜lognH lognH ˜logNH logNH l˜og l log l l˜og T log T
Type [cm−2] [cm−2] [cm−3] [cm−3] [cm−2] [cm−2] [kpc] [kpc] [K] [K]
Entire sample
SLFSs+pLLSs+LLSs 16.04 16.18± 0.74 −2.64 −2.65± 0.48 18.83 18.84± 0.67 +0.00 +0.00± 0.98 4.23 4.12± 0.36
SLFSs 15.65 15.67± 0.28 −2.89 −2.84± 0.48 18.54 18.56± 0.59 −0.11 −0.09± 1.01 4.28 4.23± 0.15
pLLSs 16.63 16.64± 0.26 −2.46 −2.47± 0.46 19.20 19.12± 0.60 +0.15 +0.10± 1.00 4.20 4.05± 0.46
LLSs 17.52 17.68± 0.43 −2.15 −2.17± 0.26 19.57 19.49± 0.46 +0.13 +0.18± 0.65 4.03 3.75± 0.52
Restricted sample without the logU constraint
SLFSs+pLLSs+LLSs 16.02 16.16± 0.75 −2.60 −2.68± 0.60 18.87 18.83± 0.81 +0.16 +0.01± 1.25 4.16 4.16± 0.18
SLFSs 15.64 15.67± 0.28 −2.88 −2.80± 0.60 18.53 18.50± 0.72 −0.15 −0.19± 1.27 4.18 4.17± 0.18
pLLSs 16.55 16.61± 0.26 −2.53 −2.52± 0.57 19.22 19.18± 0.71 +0.20 +0.21± 1.24 4.15 4.16± 0.19
LLSs 17.80 17.92± 0.54 −2.39 −2.39± 0.26 19.74 19.82± 0.31 +0.54 +0.71± 0.53 4.13 4.09± 0.09
Note—The tilde and bar above each parameter represent the median and mean (with the standard deviation), respectively, of the
logarithmic values of the parameter. The entire sample consists of 262 absorbers: 152 SLFSs, 82 pLLSs, and 28 LLSs. The restricted
sample without the logU constraint contains 134 absorbers (i.e., absorbers that were modeled with a flat prior on logU): 80 SLFSs,
43 pLLSs, and 11 LLSs. Note that NH I is estimated directly from the data, while all other quantities are estimated from our
photoionization modeling (see Paper II and §2.2).
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Table 7. Comparison of the Metallicities Between CCC and COS-Halos
Name zCCCabs z
CH
abs logN
CCC
H I logN
CH
H I [X/H]CCC [X/H]CH
[cm−2] [cm−2]
J040148.98-054056.5 0.21945 0.21969 15.64± 0.04 15.45± 0.03 −0.89+0.16−0.11 −0.71+0.32−0.18
J091440.38+282330.6 0.24425 0.24431 15.56± 0.03 15.45± 0.03 −1.03± 0.12 −0.90+0.38−0.29
J094331.61+053131.4 0.22902 0.22839 15.59± 0.09 16.04± 0.53 −0.90+0.33−0.24 −1.24+0.73−0.77
J100902.06+071343.8 0.35597 0.35569 18.68± 0.18 18.50± 0.36 −0.82± 0.10 −0.61± 0.14
J101622.60+470643.3 0.25233 0.25195 17.25± 0.10 17.09± 0.02 −0.59± 0.10 −0.47± 0.05
J111239.11+353928.2 0.24650 0.24670 15.58± 0.06 16.70± 0.64 −0.86+0.24−0.19 −1.29+0.56−0.52
J123304.05-003134.1 0.31876 0.31850 15.56± 0.01 15.56± 0.03 −0.73± 0.11 −0.65+0.35−0.24
J124154.02+572107.3 0.21795 0.21780 15.40± 0.04 15.30± 0.06 −0.11± 0.09 +0.08± 0.11
J155048.29+400144.9 0.31262 0.31247 16.69± 0.02 16.50± 0.03 −0.99± 0.03 −0.70± 0.03
Note—CH stands for COS-Halos. The COS-Halos H I and metallicities are from Prochaska et al.
(2017b), but we use HM05 to derive the metallicities. For J040148.98-054056.5, our results
are fully consistent with the original estimate of NH I by Tumlinson et al. (2013) (logNH I =
15.63± 0.05); it is unclear why this value was changed in Prochaska et al. (2017b) since no new
COS spectrum was obtained for that QSO. For J094331.61+053131.4, our result overlaps within
1σ with the original COS-Halos measurement from Tumlinson et al. (2013) that did not use the
low resolution COS G140L spectrum (they derived logNH I = 15.43 ± 0.08; also we note that
the break at the Lyman limit only provides an upper limit on NH I, see Fig. 3 in Prochaska
et al. 2017b). For J111239.11+353928.2, we use in CCC only the strongest component of the
absorber; the other component is not in CCC because its H I column density combined with the
signal-to-noise of these data are too low to be part of our survey with logNH I ' 15.25. The total
column density from our measurements is, however, consistent with the original value derived
by Tumlinson et al. (2013) without using the break at the Lyman limit (logNH I = 15.79± 0.13
compared to logNH I ' 15.75). In our opinion, the lack of absorption in H I λ930 and well-
separated components in H I λ1025 both favor a low NH I value for this absorber.
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Table A1. Summary of the MCMC Inputs for the Absorbers in CCC
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
SLFSs
J000559.23+160948.9 z0.305789 0.305789 0.000040 H I 15.33 0.01 0
J000559.23+160948.9 z0.305789 0.305789 0.000040 C II 12.83 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 C III 12.93 0.06 0
J000559.23+160948.9 z0.305789 0.305789 0.000040 Fe II 12.40 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 Fe III 13.43 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 Mg II 11.59 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 N I 13.09 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 N II 13.23 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 O I 13.60 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 S II 14.08 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 S III 13.57 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 Si II 12.42 0.24 −1
J000559.23+160948.9 z0.305789 0.305789 0.000040 Si III 12.01 0.24 −1
J000559.23+160948.9 z0.347925 0.347925 0.000033 H I 16.06 0.01 0
J000559.23+160948.9 z0.347925 0.347925 0.000033 C II 13.40 0.24 −1
J000559.23+160948.9 z0.347925 0.347925 0.000033 C III 13.76 0.01 0
J000559.23+160948.9 z0.347925 0.347925 0.000033 Fe II 12.17 0.24 −1
J000559.23+160948.9 z0.347925 0.347925 0.000033 Fe III 13.32 0.24 −1
J000559.23+160948.9 z0.347925 0.347925 0.000033 Mg II 12.44 0.03 0
J000559.23+160948.9 z0.347925 0.347925 0.000033 N I 13.20 0.24 −1
J000559.23+160948.9 z0.347925 0.347925 0.000033 O I 13.24 0.24 −1
J000559.23+160948.9 z0.347925 0.347925 0.000033 S II 14.04 0.24 −1
J000559.23+160948.9 z0.347925 0.347925 0.000033 S III 13.53 0.24 −1
J000559.23+160948.9 z0.347925 0.347925 0.000033 Si II 12.48 0.12 −1
J000559.23+160948.9 z0.347925 0.347925 0.000033 Si III 12.91 0.05 0
J000559.23+160948.9 z0.366204 0.366204 0.000037 H I 15.13 0.01 0
J000559.23+160948.9 z0.366204 0.366204 0.000037 C II 13.19 0.05 0
J000559.23+160948.9 z0.366204 0.366204 0.000037 Fe II 12.18 0.24 −1
J000559.23+160948.9 z0.366204 0.366204 0.000037 Fe III 13.32 0.24 −1
J000559.23+160948.9 z0.366204 0.366204 0.000037 Mg II 11.66 0.16 0
J000559.23+160948.9 z0.366204 0.366204 0.000037 N I 13.28 0.24 −1
J000559.23+160948.9 z0.366204 0.366204 0.000037 N II 13.02 0.24 −1
J000559.23+160948.9 z0.366204 0.366204 0.000037 N III 13.66 0.05 0
J000559.23+160948.9 z0.366204 0.366204 0.000037 O I 13.40 0.24 −1
J000559.23+160948.9 z0.366204 0.366204 0.000037 O II 13.53 0.24 −1
J000559.23+160948.9 z0.366204 0.366204 0.000037 O III 14.55 0.05 0
J000559.23+160948.9 z0.366204 0.366204 0.000037 S II 13.93 0.24 −1
J000559.23+160948.9 z0.366204 0.366204 0.000037 S III 13.48 0.24 −1
J000559.23+160948.9 z0.366204 0.366204 0.000037 Si II 12.10 0.24 −1
J000559.23+160948.9 z0.366204 0.366204 0.000037 Si III 12.74 0.05 0
J004222.29-103743.8 z0.316052 0.316052 0.000052 H I 15.50 0.04 0
J004222.29-103743.8 z0.316052 0.316052 0.000052 C II 13.23 0.24 −1
J004222.29-103743.8 z0.316052 0.316052 0.000052 Fe II 11.95 0.24 −1
J004222.29-103743.8 z0.316052 0.316052 0.000052 Fe III 13.73 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J004222.29-103743.8 z0.316052 0.316052 0.000052 Mg II 11.51 0.16 0
J004222.29-103743.8 z0.316052 0.316052 0.000052 N I 13.63 0.24 −1
J004222.29-103743.8 z0.316052 0.316052 0.000052 N II 13.83 0.24 −1
J004222.29-103743.8 z0.316052 0.316052 0.000052 O I 13.99 0.24 −1
J004222.29-103743.8 z0.316052 0.316052 0.000052 S II 14.62 0.24 −1
J004222.29-103743.8 z0.316052 0.316052 0.000052 S III 14.09 0.24 −1
J004222.29-103743.8 z0.316052 0.316052 0.000052 Si II 12.77 0.24 −1
J004222.29-103743.8 z0.316052 0.316052 0.000052 Si III 13.07 0.17 0
J004705.89+031954.9 z0.313870 0.313870 0.000034 H I 15.57 0.05 0
J004705.89+031954.9 z0.313870 0.313870 0.000034 C II 13.23 0.24 −1
J004705.89+031954.9 z0.313870 0.313870 0.000034 C III 13.41 0.06 0
J004705.89+031954.9 z0.313870 0.313870 0.000034 Fe II 12.48 0.24 −1
J004705.89+031954.9 z0.313870 0.313870 0.000034 Mg II 11.69 0.24 −1
J004705.89+031954.9 z0.313870 0.313870 0.000034 N II 13.55 0.24 −1
J004705.89+031954.9 z0.313870 0.313870 0.000034 N III 13.46 0.24 −1
J004705.89+031954.9 z0.313870 0.313870 0.000034 O I 13.87 0.24 −1
J004705.89+031954.9 z0.313870 0.313870 0.000034 S III 13.93 0.24 −1
J004705.89+031954.9 z0.313870 0.313870 0.000034 Si II 14.33 0.24 −1
J004705.89+031954.9 z0.314257 0.314257 0.000040 H I 15.56 0.03 0
J004705.89+031954.9 z0.314257 0.314257 0.000040 C II 13.32 0.24 −1
J004705.89+031954.9 z0.314257 0.314257 0.000040 C III 13.65 0.04 0
J004705.89+031954.9 z0.314257 0.314257 0.000040 Fe II 12.49 0.24 −1
J004705.89+031954.9 z0.314257 0.314257 0.000040 Mg II 11.69 0.24 −1
J004705.89+031954.9 z0.314257 0.314257 0.000040 N III 13.56 0.24 −1
J004705.89+031954.9 z0.314257 0.314257 0.000040 O I 13.97 0.24 −1
J004705.89+031954.9 z0.314257 0.314257 0.000040 S III 14.02 0.24 −1
J004705.89+031954.9 z0.448365 0.448365 0.000053 H I 15.53 0.02 0
J004705.89+031954.9 z0.448365 0.448365 0.000053 C II 13.36 0.15 0
J004705.89+031954.9 z0.448365 0.448365 0.000053 C III 13.93 0.05 0
J004705.89+031954.9 z0.448365 0.448365 0.000053 Fe II 12.06 0.24 −1
J004705.89+031954.9 z0.448365 0.448365 0.000053 Mg II 11.49 0.24 −1
J004705.89+031954.9 z0.448365 0.448365 0.000053 N III 13.58 0.24 −1
J004705.89+031954.9 z0.448365 0.448365 0.000053 O I 14.03 0.24 −1
J004705.89+031954.9 z0.448365 0.448365 0.000053 O II 13.73 0.24 −1
J011013.14-021952.8 z0.227191 0.227191 0.000044 H I 15.83 0.09 0
J011013.14-021952.8 z0.227191 0.227191 0.000044 C II 13.84 0.08 0
J011013.14-021952.8 z0.227191 0.227191 0.000044 C III 14.23 0.01 −2
J011013.14-021952.8 z0.227191 0.227191 0.000044 Fe II 13.60 0.24 −1
J011013.14-021952.8 z0.227191 0.227191 0.000044 Fe III 13.73 0.24 −1
J011013.14-021952.8 z0.227191 0.227191 0.000044 Mg II 12.14 0.24 −1
J011013.14-021952.8 z0.227191 0.227191 0.000044 N I 13.20 0.24 −1
J011013.14-021952.8 z0.227191 0.227191 0.000044 O I 14.57 0.24 −1
J011013.14-021952.8 z0.227191 0.227191 0.000044 S II 14.13 0.24 −1
J011013.14-021952.8 z0.227191 0.227191 0.000044 S III 13.85 0.24 −1
J011013.14-021952.8 z0.227191 0.227191 0.000044 Si II 13.05 0.04 0
J011013.14-021952.8 z0.227191 0.227191 0.000044 Si III 12.84 0.05 0
J011013.14-021952.8 z0.536490 0.536490 0.000055 H I 15.76 0.02 0
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J011013.14-021952.8 z0.536490 0.536490 0.000055 C II 13.07 0.24 −1
J011013.14-021952.8 z0.536490 0.536490 0.000055 C III 13.76 0.02 0
J011013.14-021952.8 z0.536490 0.536490 0.000055 Fe II 12.24 0.24 −1
J011013.14-021952.8 z0.536490 0.536490 0.000055 Fe III 13.86 0.24 −1
J011013.14-021952.8 z0.536490 0.536490 0.000055 Mg II 11.83 0.24 −1
J011013.14-021952.8 z0.536490 0.536490 0.000055 N I 13.97 0.24 −1
J011013.14-021952.8 z0.536490 0.536490 0.000055 N II 13.50 0.24 −1
J011013.14-021952.8 z0.536490 0.536490 0.000055 O I 14.57 0.24 −1
J011013.14-021952.8 z0.536490 0.536490 0.000055 O II 13.64 0.24 −1
J011013.14-021952.8 z0.536490 0.536490 0.000055 O IV 14.46 0.06 0
J011013.14-021952.8 z0.536490 0.536490 0.000055 S III 13.81 0.24 −1
J011013.14-021952.8 z0.536490 0.536490 0.000055 Si II 14.28 0.24 −1
J011013.14-021952.8 z0.718956 0.718956 0.000040 H I 15.61 0.02 0
J011013.14-021952.8 z0.718956 0.718956 0.000040 C II 13.27 0.10 0
J011013.14-021952.8 z0.718956 0.718956 0.000040 C III 13.74 0.11 −2
J011013.14-021952.8 z0.718956 0.718956 0.000040 Fe II 12.09 0.24 −1
J011013.14-021952.8 z0.718956 0.718956 0.000040 Mg II 11.62 0.24 −1
J011013.14-021952.8 z0.718956 0.718956 0.000040 N III 13.88 0.24 −1
J011013.14-021952.8 z0.718956 0.718956 0.000040 O I 13.90 0.24 −1
J011013.14-021952.8 z0.718956 0.718956 0.000040 O II 13.66 0.24 −1
J011013.14-021952.8 z0.718956 0.718956 0.000040 O III 14.04 0.10 0
J011013.14-021952.8 z0.718956 0.718956 0.000040 O IV 14.11 0.08 0
J011013.14-021952.8 z0.718956 0.718956 0.000040 S III 12.91 0.15 0
J011013.14-021952.8 z0.718956 0.718956 0.000040 Si II 14.32 0.24 −1
J011013.14-021952.8 z0.876403 0.876403 0.000054 H I 15.91 0.02 0
J011013.14-021952.8 z0.876403 0.876403 0.000054 C II 13.40 0.11 0
J011013.14-021952.8 z0.876403 0.876403 0.000054 Fe II 12.09 0.24 −1
J011013.14-021952.8 z0.876403 0.876403 0.000054 Mg II 11.67 0.24 −1
J011013.14-021952.8 z0.876403 0.876403 0.000054 O I 15.01 0.24 −1
J011013.14-021952.8 z0.876403 0.876403 0.000054 O II 13.56 0.14 0
J011013.14-021952.8 z0.876403 0.876403 0.000054 O III 14.45 0.04 0
J011013.14-021952.8 z0.876403 0.876403 0.000054 S III 13.15 0.16 0
J011016.25-021851.0 z0.535375 0.535375 0.000056 H I 15.11 0.04 0
J011016.25-021851.0 z0.535375 0.535375 0.000056 C II 13.07 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 C III 13.09 0.06 0
J011016.25-021851.0 z0.535375 0.535375 0.000056 Fe II 12.21 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 Fe III 13.78 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 Mg II 11.81 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 N I 13.90 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 N II 13.46 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 N III 13.21 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 O I 13.63 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 O IV 13.56 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 S III 13.74 0.24 −1
J011016.25-021851.0 z0.535375 0.535375 0.000056 Si II 14.21 0.24 −1
J011016.25-021851.0 z0.717956 0.717956 0.000036 H I 15.25 0.05 0
J011016.25-021851.0 z0.717956 0.717956 0.000036 C II 12.93 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J011016.25-021851.0 z0.717956 0.717956 0.000036 C III 13.17 0.10 0
J011016.25-021851.0 z0.717956 0.717956 0.000036 Fe II 12.07 0.24 −1
J011016.25-021851.0 z0.717956 0.717956 0.000036 Mg II 11.64 0.24 −1
J011016.25-021851.0 z0.717956 0.717956 0.000036 N III 13.70 0.24 −1
J011016.25-021851.0 z0.717956 0.717956 0.000036 O I 13.93 0.24 −1
J011016.25-021851.0 z0.717956 0.717956 0.000036 O II 13.49 0.24 −1
J011016.25-021851.0 z0.717956 0.717956 0.000036 O III 13.51 0.24 −1
J011016.25-021851.0 z0.717956 0.717956 0.000036 O IV 14.43 0.03 0
J011016.25-021851.0 z0.717956 0.717956 0.000036 S III 12.54 0.24 −1
J011016.25-021851.0 z0.717956 0.717956 0.000036 Si II 14.36 0.24 −1
J011623.04+142940.5 z0.333777 0.333777 0.000052 H I 15.92 0.06 0
J011623.04+142940.5 z0.333777 0.333777 0.000052 C II 13.71 0.24 −1
J011623.04+142940.5 z0.333777 0.333777 0.000052 Fe II 12.04 0.24 −1
J011623.04+142940.5 z0.333777 0.333777 0.000052 Mg II 11.79 0.13 0
J011623.04+142940.5 z0.333777 0.333777 0.000052 N I 13.69 0.24 −1
J011623.04+142940.5 z0.333777 0.333777 0.000052 N II 13.76 0.24 −1
J011623.04+142940.5 z0.333777 0.333777 0.000052 O I 14.15 0.24 −1
J011623.04+142940.5 z0.333777 0.333777 0.000052 S II 14.32 0.24 −1
J011623.04+142940.5 z0.333777 0.333777 0.000052 S III 14.16 0.24 −1
J011623.04+142940.5 z0.333777 0.333777 0.000052 Si II 12.45 0.24 −1
J011623.04+142940.5 z0.333777 0.333777 0.000052 Si III 13.05 0.11 0
J011935.69-282131.4 z0.348326 0.348326 0.000034 H I 15.65 0.01 0
J011935.69-282131.4 z0.348326 0.348326 0.000034 C II 13.03 0.24 −1
J011935.69-282131.4 z0.348326 0.348326 0.000034 C III 13.50 0.02 0
J011935.69-282131.4 z0.348326 0.348326 0.000034 Fe II 12.61 0.24 −1
J011935.69-282131.4 z0.348326 0.348326 0.000034 Mg II 11.58 0.24 −1
J011935.69-282131.4 z0.348326 0.348326 0.000034 N I 13.30 0.24 −1
J011935.69-282131.4 z0.348326 0.348326 0.000034 N II 13.02 0.24 −1
J011935.69-282131.4 z0.348326 0.348326 0.000034 O I 13.47 0.24 −1
J011935.69-282131.4 z0.348326 0.348326 0.000034 S II 14.17 0.24 −1
J011935.69-282131.4 z0.348326 0.348326 0.000034 S III 13.49 0.24 −1
J011935.69-282131.4 z0.348326 0.348326 0.000034 Si II 12.14 0.24 −1
J011935.69-282131.4 z0.348326 0.348326 0.000034 Si III 12.55 0.05 0
J011935.69-282131.4 z0.348731 0.348731 0.000031 H I 16.03 0.01 0
J011935.69-282131.4 z0.348731 0.348731 0.000031 C II 13.08 0.24 −1
J011935.69-282131.4 z0.348731 0.348731 0.000031 C III 13.86 0.01 −2
J011935.69-282131.4 z0.348731 0.348731 0.000031 Fe II 12.59 0.24 −1
J011935.69-282131.4 z0.348731 0.348731 0.000031 Mg II 11.59 0.24 −1
J011935.69-282131.4 z0.348731 0.348731 0.000031 N I 13.15 0.24 −1
J011935.69-282131.4 z0.348731 0.348731 0.000031 O I 13.61 0.24 −1
J011935.69-282131.4 z0.348731 0.348731 0.000031 S II 14.02 0.24 −1
J011935.69-282131.4 z0.348731 0.348731 0.000031 S III 13.89 0.24 −1
J011935.69-282131.4 z0.348731 0.348731 0.000031 Si II 12.18 0.24 −1
J011935.69-282131.4 z0.348731 0.348731 0.000031 Si III 12.89 0.02 0
J012236.76-284321.3 z0.364959 0.364959 0.000041 H I 15.52 0.02 0
J012236.76-284321.3 z0.364959 0.364959 0.000041 C III 14.20 0.02 −2
J012236.76-284321.3 z0.364959 0.364959 0.000041 Fe II 12.89 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J012236.76-284321.3 z0.364959 0.364959 0.000041 Fe III 13.51 0.24 −1
J012236.76-284321.3 z0.364959 0.364959 0.000041 Mg II 12.16 0.24 −1
J012236.76-284321.3 z0.364959 0.364959 0.000041 N I 13.29 0.24 −1
J012236.76-284321.3 z0.364959 0.364959 0.000041 N III 13.78 0.06 0
J012236.76-284321.3 z0.364959 0.364959 0.000041 O I 13.84 0.24 −1
J012236.76-284321.3 z0.364959 0.364959 0.000041 O II 13.87 0.24 −1
J012236.76-284321.3 z0.364959 0.364959 0.000041 S II 14.64 0.24 −1
J012236.76-284321.3 z0.364959 0.364959 0.000041 S III 14.13 0.24 −1
J012236.76-284321.3 z0.364959 0.364959 0.000041 Si II 12.25 0.24 −1
J012236.76-284321.3 z0.364959 0.364959 0.000041 Si III 12.96 0.05 0
J015513.20-450611.9 z0.222165 0.222165 0.000075 H I 15.16 0.04 0
J015513.20-450611.9 z0.222165 0.222165 0.000075 C II 13.16 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 Fe II 12.08 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 Fe III 13.44 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 Mg II 11.37 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 N I 13.03 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 N III 13.21 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 O I 14.27 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 S II 13.98 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 S III 13.80 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 Si II 12.13 0.24 −1
J015513.20-450611.9 z0.222165 0.222165 0.000075 Si III 11.92 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 H I 15.63 0.01 0
J020157.16-113233.1 z0.322565 0.322565 0.000029 C II 12.96 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 C III 12.21 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 Fe II 12.41 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 Mg II 11.79 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 N I 13.11 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 N II 13.07 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 S II 14.20 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 S III 13.85 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 Si II 12.20 0.24 −1
J020157.16-113233.1 z0.322565 0.322565 0.000029 Si III 12.12 0.24 −1
J020157.16-113233.1 z0.323073 0.323073 0.000029 H I 15.47 0.01 0
J020157.16-113233.1 z0.323073 0.323073 0.000029 C II 13.17 0.09 0
J020157.16-113233.1 z0.323073 0.323073 0.000029 C III 13.25 0.02 0
J020157.16-113233.1 z0.323073 0.323073 0.000029 Fe II 12.37 0.24 −1
J020157.16-113233.1 z0.323073 0.323073 0.000029 Mg II 11.99 0.14 0
J020157.16-113233.1 z0.323073 0.323073 0.000029 N I 13.02 0.24 −1
J020157.16-113233.1 z0.323073 0.323073 0.000029 N II 12.98 0.24 −1
J020157.16-113233.1 z0.323073 0.323073 0.000029 O I 14.01 0.24 −1
J020157.16-113233.1 z0.323073 0.323073 0.000029 S II 13.96 0.24 −1
J020157.16-113233.1 z0.323073 0.323073 0.000029 S III 13.30 0.24 −1
J020157.16-113233.1 z0.323073 0.323073 0.000029 Si II 12.10 0.24 −1
J020157.16-113233.1 z0.323073 0.323073 0.000029 Si III 12.29 0.20 0
J020157.16-113233.1 z0.323404 0.323404 0.000029 H I 16.08 0.01 0
J020157.16-113233.1 z0.323404 0.323404 0.000029 C II 13.81 0.02 0
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J020157.16-113233.1 z0.323404 0.323404 0.000029 C III 13.93 0.01 0
J020157.16-113233.1 z0.323404 0.323404 0.000029 Fe II 12.59 0.24 −1
J020157.16-113233.1 z0.323404 0.323404 0.000029 Mg II 12.57 0.05 0
J020157.16-113233.1 z0.323404 0.323404 0.000029 N I 13.24 0.24 −1
J020157.16-113233.1 z0.323404 0.323404 0.000029 O I 14.15 0.24 −1
J020157.16-113233.1 z0.323404 0.323404 0.000029 S II 14.11 0.24 −1
J020157.16-113233.1 z0.323404 0.323404 0.000029 S III 13.46 0.24 −1
J020157.16-113233.1 z0.323404 0.323404 0.000029 Si II 12.64 0.11 0
J020157.16-113233.1 z0.323404 0.323404 0.000029 Si III 13.60 0.03 −2
J020157.16-113233.1 z0.324507 0.324507 0.000031 H I 15.84 0.01 0
J020157.16-113233.1 z0.324507 0.324507 0.000031 C II 13.22 0.24 −1
J020157.16-113233.1 z0.324507 0.324507 0.000031 C III 13.94 0.01 −2
J020157.16-113233.1 z0.324507 0.324507 0.000031 Fe II 12.42 0.24 −1
J020157.16-113233.1 z0.324507 0.324507 0.000031 Mg II 11.77 0.24 −1
J020157.16-113233.1 z0.324507 0.324507 0.000031 N I 13.47 0.24 −1
J020157.16-113233.1 z0.324507 0.324507 0.000031 O I 14.26 0.24 −1
J020157.16-113233.1 z0.324507 0.324507 0.000031 S II 14.23 0.24 −1
J020157.16-113233.1 z0.324507 0.324507 0.000031 S III 14.00 0.24 −1
J020157.16-113233.1 z0.324507 0.324507 0.000031 Si II 12.91 0.24 −1
J020157.16-113233.1 z0.324507 0.324507 0.000031 Si III 12.99 0.11 0
J023507.38-040205.6 z0.322464 0.322464 0.000053 H I 16.07 0.01 0
J023507.38-040205.6 z0.322464 0.322464 0.000053 C II 13.30 0.24 −1
J023507.38-040205.6 z0.322464 0.322464 0.000053 C III 13.25 0.04 0
J023507.38-040205.6 z0.322464 0.322464 0.000053 Fe II 11.97 0.24 −1
J023507.38-040205.6 z0.322464 0.322464 0.000053 Mg II 11.46 0.24 −1
J023507.38-040205.6 z0.322464 0.322464 0.000053 N I 13.37 0.24 −1
J023507.38-040205.6 z0.322464 0.322464 0.000053 N III 13.28 0.24 −1
J023507.38-040205.6 z0.322464 0.322464 0.000053 O I 13.65 0.24 −1
J023507.38-040205.6 z0.322464 0.322464 0.000053 S II 14.59 0.24 −1
J023507.38-040205.6 z0.322464 0.322464 0.000053 S III 13.64 0.24 −1
J023507.38-040205.6 z0.322464 0.322464 0.000053 Si II 12.23 0.24 −1
J023507.38-040205.6 z0.322464 0.322464 0.000053 Si III 12.27 0.24 −1
J023507.38-040205.6 z0.807754 0.807754 0.000047 H I 15.71 0.01 0
J023507.38-040205.6 z0.807754 0.807754 0.000047 C II 12.94 0.24 −1
J023507.38-040205.6 z0.807754 0.807754 0.000047 C III 13.90 0.04 −2
J023507.38-040205.6 z0.807754 0.807754 0.000047 Fe II 11.80 0.24 −1
J023507.38-040205.6 z0.807754 0.807754 0.000047 Mg II 11.49 0.24 −1
J023507.38-040205.6 z0.807754 0.807754 0.000047 O I 14.11 0.24 −1
J023507.38-040205.6 z0.807754 0.807754 0.000047 O II 13.29 0.24 −1
J023507.38-040205.6 z0.807754 0.807754 0.000047 O III 14.41 0.02 0
J023507.38-040205.6 z0.807754 0.807754 0.000047 O IV 14.60 0.03 0
J023507.38-040205.6 z0.807754 0.807754 0.000047 S III 12.58 0.24 −1
J024337.66-303048.0 z0.303706 0.303706 0.000058 H I 15.48 0.04 0
J024337.66-303048.0 z0.303706 0.303706 0.000058 C II 13.08 0.24 −1
J024337.66-303048.0 z0.303706 0.303706 0.000058 C III 13.10 0.06 0
J024337.66-303048.0 z0.303706 0.303706 0.000058 Fe III 13.98 0.24 −1
J024337.66-303048.0 z0.303706 0.303706 0.000058 N II 13.44 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J024337.66-303048.0 z0.303706 0.303706 0.000058 N III 13.44 0.24 −1
J024337.66-303048.0 z0.303706 0.303706 0.000058 O I 13.88 0.24 −1
J024337.66-303048.0 z0.303706 0.303706 0.000058 S III 14.02 0.24 −1
J024337.66-303048.0 z0.303706 0.303706 0.000058 Si II 14.36 0.24 −1
J024649.86-300741.3 z0.312304 0.312304 0.000052 H I 15.76 0.03 0
J024649.86-300741.3 z0.312304 0.312304 0.000052 C II 13.24 0.24 −1
J024649.86-300741.3 z0.312304 0.312304 0.000052 C III 14.02 0.05 0
J024649.86-300741.3 z0.312304 0.312304 0.000052 Fe II 12.73 0.24 −1
J024649.86-300741.3 z0.312304 0.312304 0.000052 Mg II 11.72 0.24 −1
J024649.86-300741.3 z0.312304 0.312304 0.000052 N II 13.67 0.24 −1
J024649.86-300741.3 z0.312304 0.312304 0.000052 O I 14.74 0.24 −1
J024649.86-300741.3 z0.312304 0.312304 0.000052 S III 14.19 0.24 −1
J024649.86-300741.3 z0.312304 0.312304 0.000052 Si II 14.50 0.24 −1
J024649.86-300741.3 z0.335895 0.335895 0.000043 H I 15.81 0.04 0
J024649.86-300741.3 z0.335895 0.335895 0.000043 C II 13.16 0.24 −1
J024649.86-300741.3 z0.335895 0.335895 0.000043 Fe II 12.23 0.24 −1
J024649.86-300741.3 z0.335895 0.335895 0.000043 Mg II 12.25 0.06 0
J024649.86-300741.3 z0.335895 0.335895 0.000043 N II 13.77 0.24 −1
J024649.86-300741.3 z0.335895 0.335895 0.000043 N III 13.74 0.24 −1
J024649.86-300741.3 z0.335895 0.335895 0.000043 O I 14.65 0.24 −1
J024649.86-300741.3 z0.335895 0.335895 0.000043 Si II 14.38 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 H I 15.08 0.05 0
J035128.56-142908.0 z0.328476 0.328476 0.000058 C II 13.66 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 C III 13.32 0.04 0
J035128.56-142908.0 z0.328476 0.328476 0.000058 Fe II 12.37 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 Fe III 13.61 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 Mg II 11.74 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 N II 13.34 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 N III 13.61 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 O I 13.85 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 S II 14.24 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 S III 13.81 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 Si II 12.37 0.24 −1
J035128.56-142908.0 z0.328476 0.328476 0.000058 Si III 12.50 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 H I 15.49 0.02 0
J035128.56-142908.0 z0.439804 0.439804 0.000035 C II 13.23 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 Fe II 12.16 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 Fe III 13.75 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 Mg II 11.44 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 N I 13.42 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 N III 13.25 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 O I 13.67 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 O II 13.45 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 S III 13.66 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 Si II 12.75 0.24 −1
J035128.56-142908.0 z0.439804 0.439804 0.000035 Si III 12.32 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 H I 15.64 0.04 0
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J040148.98-054056.5 z0.219453 0.219453 0.000111 C II 13.57 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 C III 14.20 0.04 −2
J040148.98-054056.5 z0.219453 0.219453 0.000111 Fe II 12.26 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 Mg II 11.57 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 N I 13.47 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 N II 13.61 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 O I 14.16 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 S II 14.40 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 S III 14.11 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 Si II 12.55 0.24 −1
J040148.98-054056.5 z0.219453 0.219453 0.000111 Si III 12.99 0.06 0
J040148.98-054056.5 z0.219453 0.219453 0.000111 Si IV 13.07 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 H I 15.48 0.03 0
J040148.98-054056.5 z0.323769 0.323769 0.000042 C II 13.22 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 C III 13.25 0.10 0
J040148.98-054056.5 z0.323769 0.323769 0.000042 Fe II 12.00 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 Fe III 13.85 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 Mg II 11.59 0.18 0
J040148.98-054056.5 z0.323769 0.323769 0.000042 N I 13.73 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 N II 13.74 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 N III 13.68 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 O I 14.09 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 S II 14.49 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 S III 14.00 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 Si II 12.67 0.24 −1
J040148.98-054056.5 z0.323769 0.323769 0.000042 Si III 12.63 0.24 −1
J040748.42-121136.3 z0.360742 0.360742 0.000036 H I 15.14 0.02 0
J040748.42-121136.3 z0.360742 0.360742 0.000036 C II 12.56 0.06 0
J040748.42-121136.3 z0.360742 0.360742 0.000036 C III 13.47 0.01 0
J040748.42-121136.3 z0.360742 0.360742 0.000036 Fe II 11.50 0.24 −1
J040748.42-121136.3 z0.360742 0.360742 0.000036 Mg II 11.26 0.11 0
J040748.42-121136.3 z0.360742 0.360742 0.000036 N I 12.85 0.24 −1
J040748.42-121136.3 z0.360742 0.360742 0.000036 O I 12.91 0.24 −1
J040748.42-121136.3 z0.360742 0.360742 0.000036 O III 13.60 0.24 −1
J040748.42-121136.3 z0.360742 0.360742 0.000036 S II 13.85 0.24 −1
J040748.42-121136.3 z0.360742 0.360742 0.000036 S III 13.46 0.24 −1
J040748.42-121136.3 z0.360742 0.360742 0.000036 Si II 11.84 0.24 −1
J040748.42-121136.3 z0.360742 0.360742 0.000036 Si III 12.65 0.02 0
J044011.90-524818.0 z0.327932 0.327932 0.000042 H I 15.86 0.01 0
J044011.90-524818.0 z0.327932 0.327932 0.000042 C II 13.22 0.24 −1
J044011.90-524818.0 z0.327932 0.327932 0.000042 C III 13.09 0.08 0
J044011.90-524818.0 z0.327932 0.327932 0.000042 Fe II 13.37 0.24 −1
J044011.90-524818.0 z0.327932 0.327932 0.000042 Mg II 15.66 0.24 −1
J044011.90-524818.0 z0.327932 0.327932 0.000042 N I 13.39 0.24 −1
J044011.90-524818.0 z0.327932 0.327932 0.000042 N II 13.51 0.24 −1
J044011.90-524818.0 z0.327932 0.327932 0.000042 N III 13.26 0.24 −1
J044011.90-524818.0 z0.327932 0.327932 0.000042 O I 13.75 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J044011.90-524818.0 z0.327932 0.327932 0.000042 S II 14.28 0.24 −1
J044011.90-524818.0 z0.327932 0.327932 0.000042 S III 14.12 0.24 −1
J044011.90-524818.0 z0.327932 0.327932 0.000042 Si II 12.79 0.24 −1
J044011.90-524818.0 z0.327932 0.327932 0.000042 Si III 12.26 0.24 −1
J044011.90-524818.0 z0.615662 0.615662 0.000031 H I 15.66 0.01 0
J044011.90-524818.0 z0.615662 0.615662 0.000031 C II 13.16 0.09 0
J044011.90-524818.0 z0.615662 0.615662 0.000031 C III 13.73 0.04 −2
J044011.90-524818.0 z0.615662 0.615662 0.000031 Fe II 11.73 0.24 −1
J044011.90-524818.0 z0.615662 0.615662 0.000031 Mg II 12.05 0.04 0
J044011.90-524818.0 z0.615662 0.615662 0.000031 O I 13.87 0.24 −1
J044011.90-524818.0 z0.615662 0.615662 0.000031 O II 13.54 0.08 0
J044011.90-524818.0 z0.615662 0.615662 0.000031 O III 14.59 0.03 −2
J044011.90-524818.0 z0.615662 0.615662 0.000031 O IV 14.65 0.02 −2
J044011.90-524818.0 z0.615662 0.615662 0.000031 S III 13.10 0.13 0
J044011.90-524818.0 z0.615662 0.615662 0.000031 Si II 14.21 0.24 −1
J044011.90-524818.0 z0.865140 0.865140 0.000039 H I 15.77 0.04 0
J044011.90-524818.0 z0.865140 0.865140 0.000039 Fe II 11.70 0.24 −1
J044011.90-524818.0 z0.865140 0.865140 0.000039 N III 13.56 0.24 −1
J044011.90-524818.0 z0.865140 0.865140 0.000039 O I 15.02 0.24 −1
J044011.90-524818.0 z0.865140 0.865140 0.000039 O II 13.84 0.24 −1
J044011.90-524818.0 z0.865140 0.865140 0.000039 O III 13.45 0.24 −1
J044011.90-524818.0 z0.865140 0.865140 0.000039 O IV 13.77 0.16 0
J044011.90-524818.0 z0.865140 0.865140 0.000039 S III 12.20 0.24 −1
J055224.49-640210.7 z0.446088 0.446088 0.000033 H I 15.94 0.01 0
J055224.49-640210.7 z0.446088 0.446088 0.000033 C II 13.05 0.24 −1
J055224.49-640210.7 z0.446088 0.446088 0.000033 C III 13.80 0.01 −2
J055224.49-640210.7 z0.446088 0.446088 0.000033 Fe II 12.39 0.24 −1
J055224.49-640210.7 z0.446088 0.446088 0.000033 Fe III 13.45 0.24 −1
J055224.49-640210.7 z0.446088 0.446088 0.000033 Mg II 11.82 0.24 −1
J055224.49-640210.7 z0.446088 0.446088 0.000033 N I 13.07 0.24 −1
J055224.49-640210.7 z0.446088 0.446088 0.000033 O II 13.45 0.24 −1
J055224.49-640210.7 z0.446088 0.446088 0.000033 O III 14.37 0.03 0
J055224.49-640210.7 z0.446088 0.446088 0.000033 S III 13.51 0.24 −1
J055224.49-640210.7 z0.446088 0.446088 0.000033 Si II 12.41 0.24 −1
J055224.49-640210.7 z0.446088 0.446088 0.000033 Si III 12.74 0.05 0
J063546.49-751616.8 z0.417468 0.417468 0.000060 H I 15.39 0.01 0
J063546.49-751616.8 z0.417468 0.417468 0.000060 C II 13.16 0.24 −1
J063546.49-751616.8 z0.417468 0.417468 0.000060 C III 13.96 0.01 0
J063546.49-751616.8 z0.417468 0.417468 0.000060 Fe II 12.68 0.24 −1
J063546.49-751616.8 z0.417468 0.417468 0.000060 Fe III 13.52 0.24 −1
J063546.49-751616.8 z0.417468 0.417468 0.000060 Mg II 11.94 0.24 −1
J063546.49-751616.8 z0.417468 0.417468 0.000060 N I 14.10 0.24 −1
J063546.49-751616.8 z0.417468 0.417468 0.000060 N II 13.17 0.24 −1
J063546.49-751616.8 z0.417468 0.417468 0.000060 O I 13.52 0.24 −1
J063546.49-751616.8 z0.417468 0.417468 0.000060 O II 13.24 0.24 −1
J063546.49-751616.8 z0.417468 0.417468 0.000060 S III 13.94 0.24 −1
J063546.49-751616.8 z0.417468 0.417468 0.000060 Si II 12.51 0.24 −1
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J063546.49-751616.8 z0.417468 0.417468 0.000060 Si III 12.68 0.06 0
J063546.49-751616.8 z0.452768 0.452768 0.000031 H I 15.68 0.01 0
J063546.49-751616.8 z0.452768 0.452768 0.000031 C III 13.02 0.05 0
J063546.49-751616.8 z0.452768 0.452768 0.000031 Fe II 12.62 0.24 −1
J063546.49-751616.8 z0.452768 0.452768 0.000031 Fe III 13.53 0.24 −1
J063546.49-751616.8 z0.452768 0.452768 0.000031 Mg II 12.04 0.17 0
J063546.49-751616.8 z0.452768 0.452768 0.000031 N I 13.39 0.24 −1
J063546.49-751616.8 z0.452768 0.452768 0.000031 O I 14.26 0.24 −1
J063546.49-751616.8 z0.452768 0.452768 0.000031 O II 13.64 0.24 −1
J063546.49-751616.8 z0.452768 0.452768 0.000031 O III 13.49 0.24 −1
J063546.49-751616.8 z0.452768 0.452768 0.000031 S III 13.88 0.24 −1
J063546.49-751616.8 z0.452768 0.452768 0.000031 Si II 12.57 0.24 −1
J071950.89+742757.0 z0.377707 0.377707 0.000054 H I 15.31 0.01 0
J071950.89+742757.0 z0.377707 0.377707 0.000054 C II 12.71 0.24 −1
J071950.89+742757.0 z0.377707 0.377707 0.000054 C III 12.73 0.09 0
J071950.89+742757.0 z0.377707 0.377707 0.000054 Fe II 11.87 0.24 −1
J071950.89+742757.0 z0.377707 0.377707 0.000054 Mg II 11.34 0.24 −1
J071950.89+742757.0 z0.377707 0.377707 0.000054 N III 13.13 0.24 −1
J071950.89+742757.0 z0.377707 0.377707 0.000054 O I 13.53 0.24 −1
J071950.89+742757.0 z0.377707 0.377707 0.000054 O II 13.38 0.24 −1
J071950.89+742757.0 z0.377707 0.377707 0.000054 O III 13.79 0.12 0
J071950.89+742757.0 z0.377707 0.377707 0.000054 S III 13.57 0.24 −1
J071950.89+742757.0 z0.377707 0.377707 0.000054 Si II 14.02 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 H I 15.68 0.01 0
J075112.30+291938.3 z0.431765 0.431765 0.000058 C II 12.62 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 C III 12.97 0.04 0
J075112.30+291938.3 z0.431765 0.431765 0.000058 Fe II 11.76 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 Mg II 11.32 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 N I 13.01 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 N II 12.98 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 N III 12.99 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 O I 14.57 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 O II 13.06 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 S III 13.52 0.24 −1
J075112.30+291938.3 z0.431765 0.431765 0.000058 Si II 12.34 0.24 −1
J075112.30+291938.3 z0.494502 0.494502 0.000050 H I 15.45 0.01 0
J075112.30+291938.3 z0.494502 0.494502 0.000050 C II 12.87 0.24 −1
J075112.30+291938.3 z0.494502 0.494502 0.000050 C III 13.11 0.02 0
J075112.30+291938.3 z0.494502 0.494502 0.000050 Fe II 11.74 0.24 −1
J075112.30+291938.3 z0.494502 0.494502 0.000050 Mg II 11.39 0.24 −1
J075112.30+291938.3 z0.494502 0.494502 0.000050 N I 13.34 0.24 −1
J075112.30+291938.3 z0.494502 0.494502 0.000050 N II 13.20 0.24 −1
J075112.30+291938.3 z0.494502 0.494502 0.000050 O I 14.09 0.24 −1
J075112.30+291938.3 z0.494502 0.494502 0.000050 O II 12.98 0.24 −1
J075112.30+291938.3 z0.494502 0.494502 0.000050 O III 13.52 0.08 0
J075112.30+291938.3 z0.494502 0.494502 0.000050 Si II 12.57 0.24 −1
J075112.30+291938.3 z0.829173 0.829173 0.000036 H I 16.02 0.01 0
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J075112.30+291938.3 z0.829173 0.829173 0.000036 C II 12.70 0.24 −1
J075112.30+291938.3 z0.829173 0.829173 0.000036 C III 13.29 0.05 0
J075112.30+291938.3 z0.829173 0.829173 0.000036 Fe II 11.65 0.24 −1
J075112.30+291938.3 z0.829173 0.829173 0.000036 Mg II 11.47 0.16 0
J075112.30+291938.3 z0.829173 0.829173 0.000036 N III 13.26 0.24 −1
J075112.30+291938.3 z0.829173 0.829173 0.000036 O I 14.29 0.24 −1
J075112.30+291938.3 z0.829173 0.829173 0.000036 O II 13.15 0.24 −1
J075112.30+291938.3 z0.829173 0.829173 0.000036 O III 13.42 0.09 0
J075112.30+291938.3 z0.829173 0.829173 0.000036 S III 11.98 0.24 −1
J080908.13+461925.6 z0.619130 0.619130 0.000041 H I 16.10 0.01 0
J080908.13+461925.6 z0.619130 0.619130 0.000041 C II 12.96 0.24 −1
J080908.13+461925.6 z0.619130 0.619130 0.000041 C III 14.34 0.04 −2
J080908.13+461925.6 z0.619130 0.619130 0.000041 Fe II 11.53 0.24 −1
J080908.13+461925.6 z0.619130 0.619130 0.000041 Mg II 11.19 0.24 −1
J080908.13+461925.6 z0.619130 0.619130 0.000041 N II 13.81 0.24 −1
J080908.13+461925.6 z0.619130 0.619130 0.000041 O I 13.90 0.24 −1
J080908.13+461925.6 z0.619130 0.619130 0.000041 O II 13.47 0.24 −1
J080908.13+461925.6 z0.619130 0.619130 0.000041 O III 15.18 0.04 −2
J080908.13+461925.6 z0.619130 0.619130 0.000041 O IV 15.19 0.05 −2
J080908.13+461925.6 z0.619130 0.619130 0.000041 S III 13.95 0.24 −1
J080908.13+461925.6 z0.619130 0.619130 0.000041 Si II 14.40 0.24 −1
J084349.47+411741.6 z0.533507 0.533507 0.000040 H I 16.17 0.04 0
J084349.47+411741.6 z0.533507 0.533507 0.000040 C II 13.63 0.24 −1
J084349.47+411741.6 z0.533507 0.533507 0.000040 C III 13.83 0.10 −2
J084349.47+411741.6 z0.533507 0.533507 0.000040 Fe II 12.16 0.24 −1
J084349.47+411741.6 z0.533507 0.533507 0.000040 Mg II 12.75 0.04 0
J084349.47+411741.6 z0.533507 0.533507 0.000040 N II 13.69 0.24 −1
J084349.47+411741.6 z0.533507 0.533507 0.000040 N III 14.30 0.06 0
J084349.47+411741.6 z0.533507 0.533507 0.000040 O I 13.96 0.24 −1
J084349.47+411741.6 z0.533507 0.533507 0.000040 O II 14.12 0.27 0
J084349.47+411741.6 z0.533507 0.533507 0.000040 O III 14.50 0.21 −2
J084349.47+411741.6 z0.533507 0.533507 0.000040 O IV 14.37 0.19 0
J084349.47+411741.6 z0.533507 0.533507 0.000040 S III 13.96 0.24 −1
J084349.47+411741.6 z0.533507 0.533507 0.000040 Si II 14.64 0.24 −1
J084349.47+411741.6 z0.541051 0.541051 0.000041 H I 15.67 0.19 0
J084349.47+411741.6 z0.541051 0.541051 0.000041 C II 13.34 0.24 −1
J084349.47+411741.6 z0.541051 0.541051 0.000041 C III 13.29 0.09 0
J084349.47+411741.6 z0.541051 0.541051 0.000041 Fe II 12.17 0.24 −1
J084349.47+411741.6 z0.541051 0.541051 0.000041 Fe III 14.11 0.24 −1
J084349.47+411741.6 z0.541051 0.541051 0.000041 Mg II 11.78 0.24 −1
J084349.47+411741.6 z0.541051 0.541051 0.000041 N III 13.52 0.24 −1
J084349.47+411741.6 z0.541051 0.541051 0.000041 O I 13.91 0.24 −1
J084349.47+411741.6 z0.541051 0.541051 0.000041 O II 14.08 0.24 −1
J084349.47+411741.6 z0.541051 0.541051 0.000041 O III 14.02 0.24 −1
J084349.47+411741.6 z0.541051 0.541051 0.000041 S III 14.21 0.24 −1
J084349.47+411741.6 z0.543679 0.543679 0.000030 H I 15.59 0.09 0
J084349.47+411741.6 z0.543679 0.543679 0.000030 C II 13.67 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J084349.47+411741.6 z0.543679 0.543679 0.000030 C III 14.08 0.02 −2
J084349.47+411741.6 z0.543679 0.543679 0.000030 Fe II 12.46 0.09 0
J084349.47+411741.6 z0.543679 0.543679 0.000030 Fe III 14.12 0.24 −1
J084349.47+411741.6 z0.543679 0.543679 0.000030 Mg II 12.56 0.05 0
J084349.47+411741.6 z0.543679 0.543679 0.000030 N I 14.52 0.24 −1
J084349.47+411741.6 z0.543679 0.543679 0.000030 N II 13.75 0.24 −1
J084349.47+411741.6 z0.543679 0.543679 0.000030 N III 14.01 0.24 −1
J084349.47+411741.6 z0.543679 0.543679 0.000030 O I 14.81 0.24 −1
J084349.47+411741.6 z0.543679 0.543679 0.000030 O II 14.10 0.24 −1
J084349.47+411741.6 z0.543679 0.543679 0.000030 S III 14.25 0.24 −1
J091440.38+282330.6 z0.244249 0.244249 0.000041 H I 15.56 0.03 0
J091440.38+282330.6 z0.244249 0.244249 0.000041 C II 13.56 0.24 −1
J091440.38+282330.6 z0.244249 0.244249 0.000041 Fe II 12.18 0.24 −1
J091440.38+282330.6 z0.244249 0.244249 0.000041 Mg II 11.65 0.24 −1
J091440.38+282330.6 z0.244249 0.244249 0.000041 N I 13.63 0.24 −1
J091440.38+282330.6 z0.244249 0.244249 0.000041 N II 13.52 0.24 −1
J091440.38+282330.6 z0.244249 0.244249 0.000041 N III 13.82 0.14 0
J091440.38+282330.6 z0.244249 0.244249 0.000041 O I 13.96 0.24 −1
J091440.38+282330.6 z0.244249 0.244249 0.000041 S II 14.55 0.24 −1
J091440.38+282330.6 z0.244249 0.244249 0.000041 Si II 12.51 0.24 −1
J091440.38+282330.6 z0.244249 0.244249 0.000041 Si III 12.64 0.12 0
J091440.38+282330.6 z0.244249 0.244249 0.000041 Si IV 12.98 0.24 −1
J091440.38+282330.6 z0.599535 0.599535 0.000046 H I 15.40 0.02 0
J091440.38+282330.6 z0.599535 0.599535 0.000046 C II 13.35 0.24 −1
J091440.38+282330.6 z0.599535 0.599535 0.000046 C III 13.22 0.11 0
J091440.38+282330.6 z0.599535 0.599535 0.000046 Fe II 11.94 0.24 −1
J091440.38+282330.6 z0.599535 0.599535 0.000046 Mg II 11.60 0.19 0
J091440.38+282330.6 z0.599535 0.599535 0.000046 N II 13.73 0.24 −1
J091440.38+282330.6 z0.599535 0.599535 0.000046 N III 13.80 0.24 −1
J091440.38+282330.6 z0.599535 0.599535 0.000046 O I 14.21 0.24 −1
J091440.38+282330.6 z0.599535 0.599535 0.000046 O II 13.73 0.24 −1
J091440.38+282330.6 z0.599535 0.599535 0.000046 O III 13.66 0.24 −1
J091440.38+282330.6 z0.599535 0.599535 0.000046 S III 14.25 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 H I 15.45 0.03 0
J092554.44+453544.5 z0.309630 0.309630 0.000047 C II 12.97 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 C III 13.00 0.12 0
J092554.44+453544.5 z0.309630 0.309630 0.000047 Fe II 11.89 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 Fe III 13.51 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 Mg II 11.32 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 N I 13.17 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 N III 13.39 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 O I 13.80 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 S II 14.05 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 S III 13.65 0.24 −1
J092554.44+453544.5 z0.309630 0.309630 0.000047 Si II 12.21 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 H I 15.41 0.05 0
J093518.19+020415.5 z0.354712 0.354712 0.000033 C II 13.31 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J093518.19+020415.5 z0.354712 0.354712 0.000033 C III 13.51 0.14 0
J093518.19+020415.5 z0.354712 0.354712 0.000033 Fe II 12.55 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 Mg II 11.99 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 N I 13.85 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 N II 13.65 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 N III 13.64 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 O I 14.06 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 S II 14.44 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 S III 14.11 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 Si II 12.60 0.24 −1
J093518.19+020415.5 z0.354712 0.354712 0.000033 Si III 12.95 0.17 0
J094331.61+053131.4 z0.229019 0.229019 0.000101 H I 15.59 0.09 0
J094331.61+053131.4 z0.229019 0.229019 0.000101 C II 13.59 0.24 −1
J094331.61+053131.4 z0.229019 0.229019 0.000101 C III 13.99 0.04 −2
J094331.61+053131.4 z0.229019 0.229019 0.000101 Fe II 12.07 0.24 −1
J094331.61+053131.4 z0.229019 0.229019 0.000101 Mg II 11.46 0.24 −1
J094331.61+053131.4 z0.229019 0.229019 0.000101 N I 13.49 0.24 −1
J094331.61+053131.4 z0.229019 0.229019 0.000101 N II 13.64 0.24 −1
J094331.61+053131.4 z0.229019 0.229019 0.000101 O I 14.20 0.24 −1
J094331.61+053131.4 z0.229019 0.229019 0.000101 S II 14.62 0.24 −1
J094331.61+053131.4 z0.229019 0.229019 0.000101 S III 14.05 0.24 −1
J094331.61+053131.4 z0.229019 0.229019 0.000101 Si II 12.60 0.24 −1
J094331.61+053131.4 z0.229019 0.229019 0.000101 Si III 12.84 0.14 0
J094331.61+053131.4 z0.229019 0.229019 0.000101 Si IV 13.18 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 H I 16.10 0.05 0
J094331.61+053131.4 z0.354599 0.354599 0.000036 C II 13.24 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 C III 13.49 0.12 −2
J094331.61+053131.4 z0.354599 0.354599 0.000036 Mg II 11.40 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 N I 13.94 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 N II 13.61 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 N III 13.66 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 O I 14.07 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 S II 14.73 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 S III 14.10 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 Si II 12.89 0.24 −1
J094331.61+053131.4 z0.354599 0.354599 0.000036 Si III 12.65 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 H I 16.00 0.04 0
J094331.61+053131.4 z0.354927 0.354927 0.000035 C II 13.18 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 C III 13.52 0.09 −2
J094331.61+053131.4 z0.354927 0.354927 0.000035 Fe II 14.95 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 Fe III 13.86 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 Mg II 11.48 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 N I 13.89 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 N II 13.61 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 O I 14.03 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 S II 14.69 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 S III 14.04 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J094331.61+053131.4 z0.354927 0.354927 0.000035 Si II 12.86 0.24 −1
J094331.61+053131.4 z0.354927 0.354927 0.000035 Si III 12.62 0.24 −1
J095914.83+320357.2 z0.442677 0.442677 0.000035 H I 15.93 0.03 0
J095914.83+320357.2 z0.442677 0.442677 0.000035 C III 13.35 0.11 0
J095914.83+320357.2 z0.442677 0.442677 0.000035 Fe II 12.12 0.24 −1
J095914.83+320357.2 z0.442677 0.442677 0.000035 Mg II 11.59 0.24 −1
J095914.83+320357.2 z0.442677 0.442677 0.000035 N III 13.65 0.24 −1
J095914.83+320357.2 z0.442677 0.442677 0.000035 O I 14.07 0.24 −1
J095914.83+320357.2 z0.442677 0.442677 0.000035 O II 13.60 0.24 −1
J095914.83+320357.2 z0.442677 0.442677 0.000035 O III 13.69 0.24 −1
J095914.83+320357.2 z0.442677 0.442677 0.000035 S III 14.29 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 H I 15.84 0.02 0
J100102.64+594414.2 z0.415649 0.415649 0.000038 C II 13.38 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 C III 14.03 0.01 −2
J100102.64+594414.2 z0.415649 0.415649 0.000038 Fe II 13.65 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 Fe III 13.87 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 Mg II 15.66 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 N I 13.96 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 N II 13.24 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 N III 13.65 0.12 0
J100102.64+594414.2 z0.415649 0.415649 0.000038 O I 13.73 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 S II 14.44 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 S III 13.94 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 Si II 12.70 0.24 −1
J100102.64+594414.2 z0.415649 0.415649 0.000038 Si III 13.18 0.09 0
J100110.20+291137.5 z0.556468 0.556468 0.000031 H I 15.38 0.03 0
J100110.20+291137.5 z0.556468 0.556468 0.000031 C II 13.35 0.24 −1
J100110.20+291137.5 z0.556468 0.556468 0.000031 C III 13.74 0.06 −2
J100110.20+291137.5 z0.556468 0.556468 0.000031 Fe II 14.47 0.24 −1
J100110.20+291137.5 z0.556468 0.556468 0.000031 Fe III 14.14 0.24 −1
J100110.20+291137.5 z0.556468 0.556468 0.000031 N I 14.56 0.24 −1
J100110.20+291137.5 z0.556468 0.556468 0.000031 N II 13.77 0.24 −1
J100110.20+291137.5 z0.556468 0.556468 0.000031 N III 13.57 0.24 −1
J100110.20+291137.5 z0.556468 0.556468 0.000031 O I 14.01 0.24 −1
J100110.20+291137.5 z0.556468 0.556468 0.000031 O II 13.87 0.24 −1
J100110.20+291137.5 z0.556468 0.556468 0.000031 O III 14.53 0.17 −2
J100110.20+291137.5 z0.556468 0.556468 0.000031 O IV 14.63 0.08 −2
J100110.20+291137.5 z0.556468 0.556468 0.000031 S III 14.32 0.24 −1
J100110.20+291137.5 z0.556468 0.556468 0.000031 Si II 14.61 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 H I 15.79 0.02 0
J100535.25+013445.5 z0.419686 0.419686 0.000031 C II 13.04 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 C III 12.70 0.12 0
J100535.25+013445.5 z0.419686 0.419686 0.000031 Fe II 12.12 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 Fe III 13.71 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 Mg II 11.55 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 N I 13.62 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 N II 13.13 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J100535.25+013445.5 z0.419686 0.419686 0.000031 O I 13.66 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 O II 13.41 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 O III 13.50 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 S II 14.33 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 S III 13.85 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 Si II 12.49 0.24 −1
J100535.25+013445.5 z0.419686 0.419686 0.000031 Si III 12.05 0.24 −1
J100535.25+013445.5 z0.8394 0.839400 0.000030 H I 16.13 0.01 0
J100535.25+013445.5 z0.8394 0.839400 0.000030 C II 13.06 0.24 −1
J100535.25+013445.5 z0.8394 0.839400 0.000030 Fe II 11.93 0.24 −1
J100535.25+013445.5 z0.8394 0.839400 0.000030 Mg II 11.64 0.24 −1
J100535.25+013445.5 z0.8394 0.839400 0.000030 O I 15.50 0.24 −1
J100535.25+013445.5 z0.8394 0.839400 0.000030 O II 13.26 0.24 −1
J100535.25+013445.5 z0.8394 0.839400 0.000030 S III 12.89 0.24 −1
J100902.06+071343.8 z0.337193 0.337193 0.000030 H I 15.55 0.14 0
J100902.06+071343.8 z0.337193 0.337193 0.000030 C II 13.59 0.24 −1
J100902.06+071343.8 z0.337193 0.337193 0.000030 C III 14.01 0.04 −2
J100902.06+071343.8 z0.337193 0.337193 0.000030 Fe II 11.96 0.24 −1
J100902.06+071343.8 z0.337193 0.337193 0.000030 Fe III 13.82 0.24 −1
J100902.06+071343.8 z0.337193 0.337193 0.000030 Mg II 12.17 0.04 0
J100902.06+071343.8 z0.337193 0.337193 0.000030 N I 13.65 0.24 −1
J100902.06+071343.8 z0.337193 0.337193 0.000030 O I 13.97 0.24 −1
J100902.06+071343.8 z0.337193 0.337193 0.000030 S II 14.64 0.24 −1
J100902.06+071343.8 z0.337193 0.337193 0.000030 S III 14.56 0.24 −1
J100902.06+071343.8 z0.337193 0.337193 0.000030 Si II 12.76 0.24 −1
J100902.06+071343.8 z0.337193 0.337193 0.000030 Si III 13.47 0.17 −2
J100902.06+071343.8 z0.375468 0.375468 0.000055 H I 15.50 0.07 0
J100902.06+071343.8 z0.375468 0.375468 0.000055 C II 13.63 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 Fe II 11.92 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 Fe III 14.04 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 Mg II 11.56 0.17 0
J100902.06+071343.8 z0.375468 0.375468 0.000055 N I 13.81 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 N II 13.62 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 N III 13.80 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 O I 14.35 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 S II 14.61 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 S III 14.15 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 Si II 12.75 0.24 −1
J100902.06+071343.8 z0.375468 0.375468 0.000055 Si III 12.73 0.24 −1
J101622.60+470643.3 z0.263820 0.263820 0.000037 H I 15.41 0.03 0
J101622.60+470643.3 z0.263820 0.263820 0.000037 C II 13.67 0.24 −1
J101622.60+470643.3 z0.263820 0.263820 0.000037 C III 14.09 0.02 −2
J101622.60+470643.3 z0.263820 0.263820 0.000037 Fe II 12.20 0.24 −1
J101622.60+470643.3 z0.263820 0.263820 0.000037 Mg II 12.11 0.07 0
J101622.60+470643.3 z0.263820 0.263820 0.000037 N I 13.48 0.24 −1
J101622.60+470643.3 z0.263820 0.263820 0.000037 O I 13.93 0.24 −1
J101622.60+470643.3 z0.263820 0.263820 0.000037 S II 14.72 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J101622.60+470643.3 z0.263820 0.263820 0.000037 S III 13.92 0.24 −1
J101622.60+470643.3 z0.263820 0.263820 0.000037 Si II 12.84 0.24 −1
J101622.60+470643.3 z0.263820 0.263820 0.000037 Si III 12.99 0.09 0
J101622.60+470643.3 z0.263820 0.263820 0.000037 Si IV 13.65 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 H I 15.62 0.03 0
J101622.60+470643.3 z0.432210 0.432210 0.000033 C II 13.13 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 C III 13.51 0.09 0
J101622.60+470643.3 z0.432210 0.432210 0.000033 Fe II 11.98 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 Mg II 11.93 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 N I 13.71 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 N II 13.70 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 O I 14.02 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 O II 13.63 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 S III 14.48 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 Si II 13.08 0.24 −1
J101622.60+470643.3 z0.432210 0.432210 0.000033 Si III 12.63 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 H I 15.99 0.03 0
J101622.60+470643.3 z0.664722 0.664722 0.000050 C II 13.28 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 C III 13.06 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 Fe II 11.96 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 Mg II 11.50 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 N III 13.84 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 O I 14.31 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 O II 14.15 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 O III 13.76 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 O IV 13.99 0.24 −1
J101622.60+470643.3 z0.664722 0.664722 0.000050 S III 14.35 0.24 −1
J104117.16+061016.9 z0.654403 0.654403 0.000031 H I 15.55 0.02 0
J104117.16+061016.9 z0.654403 0.654403 0.000031 C II 13.51 0.24 −1
J104117.16+061016.9 z0.654403 0.654403 0.000031 C III 13.41 0.06 0
J104117.16+061016.9 z0.654403 0.654403 0.000031 Fe II 11.71 0.24 −1
J104117.16+061016.9 z0.654403 0.654403 0.000031 Mg II 11.70 0.08 0
J104117.16+061016.9 z0.654403 0.654403 0.000031 N III 13.47 0.24 −1
J104117.16+061016.9 z0.654403 0.654403 0.000031 O I 13.88 0.24 −1
J104117.16+061016.9 z0.654403 0.654403 0.000031 S III 13.93 0.24 −1
J104117.16+061016.9 z0.655059 0.655059 0.000030 H I 16.17 0.02 0
J104117.16+061016.9 z0.655059 0.655059 0.000030 C II 13.46 0.24 −1
J104117.16+061016.9 z0.655059 0.655059 0.000030 C III 13.39 0.06 0
J104117.16+061016.9 z0.655059 0.655059 0.000030 Fe II 11.67 0.24 −1
J104117.16+061016.9 z0.655059 0.655059 0.000030 Mg II 11.53 0.16 0
J104117.16+061016.9 z0.655059 0.655059 0.000030 N III 13.42 0.24 −1
J104117.16+061016.9 z0.655059 0.655059 0.000030 O I 13.86 0.24 −1
J104117.16+061016.9 z0.655059 0.655059 0.000030 S III 13.89 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 H I 15.71 0.04 0
J105945.24+144143.0 z0.465822 0.465822 0.000044 C II 13.01 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 C III 12.89 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 N I 13.50 0.24 −1
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J105945.24+144143.0 z0.465822 0.465822 0.000044 N II 13.66 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 N III 13.31 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 O I 14.44 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 O II 13.49 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 O III 13.62 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 O IV 13.80 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 S III 14.22 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 Si II 12.85 0.24 −1
J105945.24+144143.0 z0.465822 0.465822 0.000044 Si III 12.43 0.24 −1
J105945.24+144143.0 z0.576490 0.576490 0.000035 H I 15.50 0.02 0
J105945.24+144143.0 z0.576490 0.576490 0.000035 C II 13.08 0.24 −1
J105945.24+144143.0 z0.576490 0.576490 0.000035 C III 13.22 0.06 0
J105945.24+144143.0 z0.576490 0.576490 0.000035 N I 14.35 0.24 −1
J105945.24+144143.0 z0.576490 0.576490 0.000035 N II 13.57 0.24 −1
J105945.24+144143.0 z0.576490 0.576490 0.000035 N III 13.45 0.24 −1
J105945.24+144143.0 z0.576490 0.576490 0.000035 O I 13.86 0.24 −1
J105945.24+144143.0 z0.576490 0.576490 0.000035 O II 13.64 0.24 −1
J105945.24+144143.0 z0.576490 0.576490 0.000035 O III 13.89 0.16 0
J105945.24+144143.0 z0.576490 0.576490 0.000035 S III 13.42 0.24 −1
J105956.14+121151.1 z0.332377 0.332377 0.000037 H I 16.14 0.02 0
J105956.14+121151.1 z0.332377 0.332377 0.000037 C II 13.39 0.24 −1
J105956.14+121151.1 z0.332377 0.332377 0.000037 Fe II 13.15 0.24 −1
J105956.14+121151.1 z0.332377 0.332377 0.000037 Mg II 12.49 0.24 −1
J105956.14+121151.1 z0.332377 0.332377 0.000037 N II 13.74 0.24 −1
J110047.85+104613.2 z0.415099 0.415099 0.000048 H I 16.15 0.04 0
J110047.85+104613.2 z0.415099 0.415099 0.000048 C II 13.48 0.24 −1
J110047.85+104613.2 z0.415099 0.415099 0.000048 C III 13.24 0.13 0
J110047.85+104613.2 z0.415099 0.415099 0.000048 N III 13.68 0.24 −1
J110047.85+104613.2 z0.415099 0.415099 0.000048 O I 14.11 0.24 −1
J110047.85+104613.2 z0.415099 0.415099 0.000048 O II 13.84 0.24 −1
J110047.85+104613.2 z0.415099 0.415099 0.000048 S III 14.34 0.24 −1
J110539.79+342534.3 z0.238808 0.238808 0.000038 H I 15.85 0.02 0
J110539.79+342534.3 z0.238808 0.238808 0.000038 C II 13.39 0.24 −1
J110539.79+342534.3 z0.238808 0.238808 0.000038 C III 14.13 0.03 −2
J110539.79+342534.3 z0.238808 0.238808 0.000038 N I 13.13 0.24 −1
J110539.79+342534.3 z0.238808 0.238808 0.000038 N II 13.31 0.24 −1
J110539.79+342534.3 z0.238808 0.238808 0.000038 O I 13.75 0.24 −1
J110539.79+342534.3 z0.238808 0.238808 0.000038 S II 14.14 0.24 −1
J110539.79+342534.3 z0.238808 0.238808 0.000038 S III 13.91 0.24 −1
J110539.79+342534.3 z0.238808 0.238808 0.000038 Si II 12.10 0.24 −1
J110539.79+342534.3 z0.238808 0.238808 0.000038 Si III 12.85 0.04 0
J110539.79+342534.3 z0.238808 0.238808 0.000038 Si IV 12.83 0.24 −1
J111132.20+554725.9 z0.617506 0.617506 0.000035 H I 15.28 0.02 0
J111132.20+554725.9 z0.617506 0.617506 0.000035 C II 13.22 0.06 0
J111132.20+554725.9 z0.617506 0.617506 0.000035 C III 13.71 0.04 −2
J111132.20+554725.9 z0.617506 0.617506 0.000035 Fe II 11.65 0.24 −1
J111132.20+554725.9 z0.617506 0.617506 0.000035 Mg II 11.42 0.17 0
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J111132.20+554725.9 z0.617506 0.617506 0.000035 N II 13.41 0.24 −1
J111132.20+554725.9 z0.617506 0.617506 0.000035 N III 14.20 0.24 −1
J111132.20+554725.9 z0.617506 0.617506 0.000035 O I 13.93 0.24 −1
J111132.20+554725.9 z0.617506 0.617506 0.000035 O II 13.11 0.24 −1
J111132.20+554725.9 z0.617506 0.617506 0.000035 S III 13.64 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 H I 15.38 0.02 0
J111132.20+554725.9 z0.682730 0.682730 0.000033 C II 12.79 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 C III 12.52 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 Fe II 11.80 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 Mg II 11.43 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 N III 13.33 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 O I 13.75 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 O II 13.14 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 O III 13.24 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 O IV 14.50 0.24 −1
J111132.20+554725.9 z0.682730 0.682730 0.000033 S III 13.85 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 H I 15.58 0.06 0
J111239.11+353928.2 z0.246496 0.246496 0.000036 C II 13.69 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 Fe II 12.23 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 Mg II 11.57 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 N I 13.56 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 N II 13.67 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 O I 14.07 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 S II 14.52 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 S III 14.30 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 Si II 12.70 0.24 −1
J111239.11+353928.2 z0.246496 0.246496 0.000036 Si III 12.94 0.13 0
J111239.11+353928.2 z0.246496 0.246496 0.000036 Si IV 13.14 0.24 −1
J111507.65+023757.5 z0.369213 0.369213 0.000037 H I 15.48 0.02 0
J111507.65+023757.5 z0.369213 0.369213 0.000037 C II 13.04 0.24 −1
J111507.65+023757.5 z0.369213 0.369213 0.000037 C III 13.38 0.06 0
J111507.65+023757.5 z0.369213 0.369213 0.000037 Fe II 12.70 0.24 −1
J111507.65+023757.5 z0.369213 0.369213 0.000037 Mg II 11.98 0.24 −1
J111507.65+023757.5 z0.369213 0.369213 0.000037 N III 13.48 0.24 −1
J111507.65+023757.5 z0.369213 0.369213 0.000037 O I 13.88 0.24 −1
J111507.65+023757.5 z0.369213 0.369213 0.000037 S III 13.93 0.24 −1
J111754.23+263416.6 z0.351969 0.351969 0.000035 H I 15.81 0.02 0
J111754.23+263416.6 z0.351969 0.351969 0.000035 C II 13.26 0.19 0
J111754.23+263416.6 z0.351969 0.351969 0.000035 C III 13.42 0.06 0
J111754.23+263416.6 z0.351969 0.351969 0.000035 N I 13.66 0.24 −1
J111754.23+263416.6 z0.351969 0.351969 0.000035 N II 13.17 0.24 −1
J111754.23+263416.6 z0.351969 0.351969 0.000035 N III 13.38 0.24 −1
J111754.23+263416.6 z0.351969 0.351969 0.000035 O I 13.82 0.24 −1
J111754.23+263416.6 z0.351969 0.351969 0.000035 S II 14.21 0.24 −1
J111754.23+263416.6 z0.351969 0.351969 0.000035 S III 13.88 0.24 −1
J111754.23+263416.6 z0.351969 0.351969 0.000035 Si II 12.57 0.16 0
J111754.23+263416.6 z0.352307 0.352307 0.000036 H I 15.68 0.03 0
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J111754.23+263416.6 z0.352307 0.352307 0.000036 C II 13.10 0.24 −1
J111754.23+263416.6 z0.352307 0.352307 0.000036 C III 13.16 0.09 0
J111754.23+263416.6 z0.352307 0.352307 0.000036 N I 13.67 0.24 −1
J111754.23+263416.6 z0.352307 0.352307 0.000036 N II 13.18 0.24 −1
J111754.23+263416.6 z0.352307 0.352307 0.000036 N III 13.38 0.24 −1
J111754.23+263416.6 z0.352307 0.352307 0.000036 O I 13.83 0.24 −1
J111754.23+263416.6 z0.352307 0.352307 0.000036 S II 14.20 0.24 −1
J111754.23+263416.6 z0.352307 0.352307 0.000036 S III 13.89 0.24 −1
J111754.23+263416.6 z0.352307 0.352307 0.000036 Si II 12.35 0.24 −1
J112553.78+591021.6 z0.557529 0.557529 0.000045 H I 15.79 0.02 0
J112553.78+591021.6 z0.557529 0.557529 0.000045 C II 13.44 0.10 0
J112553.78+591021.6 z0.557529 0.557529 0.000045 C III 13.92 0.04 −2
J112553.78+591021.6 z0.557529 0.557529 0.000045 Fe II 13.98 0.24 −1
J112553.78+591021.6 z0.557529 0.557529 0.000045 Fe III 13.81 0.24 −1
J112553.78+591021.6 z0.557529 0.557529 0.000045 N I 14.21 0.24 −1
J112553.78+591021.6 z0.557529 0.557529 0.000045 N II 13.50 0.24 −1
J112553.78+591021.6 z0.557529 0.557529 0.000045 O I 13.73 0.24 −1
J112553.78+591021.6 z0.557529 0.557529 0.000045 O II 13.68 0.24 −1
J112553.78+591021.6 z0.557529 0.557529 0.000045 O III 14.75 0.04 −2
J112553.78+591021.6 z0.557529 0.557529 0.000045 O IV 14.40 0.03 0
J112553.78+591021.6 z0.557529 0.557529 0.000045 S III 13.89 0.24 −1
J112553.78+591021.6 z0.557529 0.557529 0.000045 Si II 14.46 0.24 −1
J112553.78+591021.6 z0.5582 0.558200 0.000035 H I 16.13 0.02 0
J112553.78+591021.6 z0.5582 0.558200 0.000035 C II 13.43 0.24 −1
J112553.78+591021.6 z0.5582 0.558200 0.000035 C III 12.91 0.09 0
J112553.78+591021.6 z0.5582 0.558200 0.000035 N II 13.41 0.24 −1
J112553.78+591021.6 z0.5582 0.558200 0.000035 N III 13.21 0.24 −1
J112553.78+591021.6 z0.5582 0.558200 0.000035 O I 14.55 0.24 −1
J112553.78+591021.6 z0.5582 0.558200 0.000035 O II 13.54 0.18 0
J112553.78+591021.6 z0.5582 0.558200 0.000035 O III 14.00 0.09 −1
J112553.78+591021.6 z0.5582 0.558200 0.000035 S III 13.80 0.24 −1
J112553.78+591021.6 z0.5582 0.558200 0.000035 Si II 14.36 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 H I 15.99 0.02 0
J112553.78+591021.6 z0.558450 0.558450 0.000030 C II 13.13 0.13 0
J112553.78+591021.6 z0.558450 0.558450 0.000030 C III 13.01 0.07 0
J112553.78+591021.6 z0.558450 0.558450 0.000030 Fe II 13.98 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 Fe III 13.71 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 N I 14.09 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 N II 13.41 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 N III 13.19 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 O I 14.53 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 O II 13.40 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 O III 13.52 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 S III 13.80 0.24 −1
J112553.78+591021.6 z0.558450 0.558450 0.000030 Si II 14.27 0.24 −1
J112553.78+591021.6 z0.678351 0.678351 0.000053 H I 15.96 0.02 0
J112553.78+591021.6 z0.678351 0.678351 0.000053 C II 12.93 0.24 −1
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J112553.78+591021.6 z0.678351 0.678351 0.000053 C III 12.73 0.24 −1
J112553.78+591021.6 z0.678351 0.678351 0.000053 N III 13.50 0.24 −1
J112553.78+591021.6 z0.678351 0.678351 0.000053 O I 13.95 0.24 −1
J112553.78+591021.6 z0.678351 0.678351 0.000053 O II 13.48 0.24 −1
J112553.78+591021.6 z0.678351 0.678351 0.000053 O III 13.52 0.24 −1
J112553.78+591021.6 z0.678351 0.678351 0.000053 S III 12.90 0.24 −1
J113457.71+255527.8 z0.431964 0.431964 0.000040 H I 15.69 0.02 0
J113457.71+255527.8 z0.431964 0.431964 0.000040 C II 13.35 0.24 −1
J113457.71+255527.8 z0.431964 0.431964 0.000040 C III 13.82 0.03 −2
J113457.71+255527.8 z0.431964 0.431964 0.000040 N I 13.46 0.24 −1
J113457.71+255527.8 z0.431964 0.431964 0.000040 N II 13.43 0.24 −1
J113457.71+255527.8 z0.431964 0.431964 0.000040 O I 13.86 0.24 −1
J113457.71+255527.8 z0.431964 0.431964 0.000040 O II 13.54 0.24 −1
J113457.71+255527.8 z0.431964 0.431964 0.000040 S III 14.19 0.24 −1
J113457.71+255527.8 z0.431964 0.431964 0.000040 Si II 12.85 0.24 −1
J113457.71+255527.8 z0.431964 0.431964 0.000040 Si III 13.00 0.14 −2
J113910.70-135044.0 z0.319498 0.319498 0.000047 H I 16.06 0.02 0
J113910.70-135044.0 z0.319498 0.319498 0.000047 C II 13.02 0.24 −1
J113910.70-135044.0 z0.319498 0.319498 0.000047 C III 13.54 0.03 0
J113910.70-135044.0 z0.319498 0.319498 0.000047 Fe II 12.07 0.24 −1
J113910.70-135044.0 z0.319498 0.319498 0.000047 Mg II 11.46 0.24 −1
J113910.70-135044.0 z0.319498 0.319498 0.000047 N II 13.65 0.24 −1
J113910.70-135044.0 z0.319498 0.319498 0.000047 O I 14.30 0.24 −1
J113956.98+654749.1 z0.325653 0.325653 0.000033 H I 15.39 0.01 0
J113956.98+654749.1 z0.325653 0.325653 0.000033 C II 13.21 0.04 0
J113956.98+654749.1 z0.325653 0.325653 0.000033 C III 13.61 0.01 0
J113956.98+654749.1 z0.325653 0.325653 0.000033 N I 13.09 0.24 −1
J113956.98+654749.1 z0.325653 0.325653 0.000033 O I 13.40 0.24 −1
J113956.98+654749.1 z0.325653 0.325653 0.000033 S II 14.10 0.24 −1
J113956.98+654749.1 z0.325653 0.325653 0.000033 S III 13.36 0.24 −1
J113956.98+654749.1 z0.325653 0.325653 0.000033 Si II 12.57 0.17 0
J113956.98+654749.1 z0.325653 0.325653 0.000033 Si III 12.58 0.06 0
J113956.98+654749.1 z0.527941 0.527941 0.000033 H I 15.30 0.01 0
J113956.98+654749.1 z0.527941 0.527941 0.000033 C II 12.52 0.19 0
J113956.98+654749.1 z0.527941 0.527941 0.000033 C III 13.46 0.01 0
J113956.98+654749.1 z0.527941 0.527941 0.000033 N I 13.45 0.24 −1
J113956.98+654749.1 z0.527941 0.527941 0.000033 N II 13.04 0.24 −1
J113956.98+654749.1 z0.527941 0.527941 0.000033 N III 12.90 0.24 −1
J113956.98+654749.1 z0.527941 0.527941 0.000033 O I 13.31 0.24 −1
J113956.98+654749.1 z0.527941 0.527941 0.000033 O II 12.88 0.24 −1
J113956.98+654749.1 z0.527941 0.527941 0.000033 S III 13.36 0.24 −1
J115120.46+543733.0 z0.252465 0.252465 0.000050 H I 15.19 0.01 0
J115120.46+543733.0 z0.252465 0.252465 0.000050 C II 13.04 0.24 −1
J115120.46+543733.0 z0.252465 0.252465 0.000050 C III 13.56 0.01 0
J115120.46+543733.0 z0.252465 0.252465 0.000050 Mg II 11.31 0.24 −1
J115120.46+543733.0 z0.252465 0.252465 0.000050 N I 12.87 0.24 −1
J115120.46+543733.0 z0.252465 0.252465 0.000050 N II 12.96 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J115120.46+543733.0 z0.252465 0.252465 0.000050 O I 13.33 0.24 −1
J115120.46+543733.0 z0.252465 0.252465 0.000050 S II 13.84 0.24 −1
J115120.46+543733.0 z0.252465 0.252465 0.000050 S III 13.63 0.24 −1
J115120.46+543733.0 z0.252465 0.252465 0.000050 Si II 12.03 0.24 −1
J115120.46+543733.0 z0.252465 0.252465 0.000050 Si III 12.16 0.09 0
J115120.46+543733.0 z0.688567 0.688567 0.000037 H I 15.51 0.01 0
J115120.46+543733.0 z0.688567 0.688567 0.000037 C II 13.20 0.24 −1
J115120.46+543733.0 z0.688567 0.688567 0.000037 C III 12.57 0.13 0
J115120.46+543733.0 z0.688567 0.688567 0.000037 Fe II 11.56 0.24 −1
J115120.46+543733.0 z0.688567 0.688567 0.000037 Mg II 11.12 0.24 −1
J115120.46+543733.0 z0.688567 0.688567 0.000037 N III 13.13 0.24 −1
J115120.46+543733.0 z0.688567 0.688567 0.000037 O I 13.56 0.24 −1
J115120.46+543733.0 z0.688567 0.688567 0.000037 O II 13.47 0.24 −1
J115120.46+543733.0 z0.688567 0.688567 0.000037 O III 13.04 0.24 −1
J115120.46+543733.0 z0.688567 0.688567 0.000037 S III 12.29 0.24 −1
J120158.75-135459.9 z0.367445 0.367445 0.000033 H I 15.49 0.02 0
J120158.75-135459.9 z0.367445 0.367445 0.000033 C II 12.88 0.24 −1
J120158.75-135459.9 z0.367445 0.367445 0.000033 Fe II 12.47 0.24 −1
J120158.75-135459.9 z0.367445 0.367445 0.000033 Mg II 11.78 0.24 −1
J120158.75-135459.9 z0.367445 0.367445 0.000033 O I 13.77 0.24 −1
J120158.75-135459.9 z0.367445 0.367445 0.000033 O II 13.77 0.24 −1
J120158.75-135459.9 z0.367445 0.367445 0.000033 S III 13.65 0.24 −1
J120158.75-135459.9 z0.409358 0.409358 0.000060 H I 15.84 0.02 0
J120158.75-135459.9 z0.409358 0.409358 0.000060 C II 13.87 0.24 −1
J120158.75-135459.9 z0.409358 0.409358 0.000060 C III 13.59 0.04 0
J120158.75-135459.9 z0.409358 0.409358 0.000060 O I 14.96 0.24 −1
J120158.75-135459.9 z0.409358 0.409358 0.000060 O II 13.59 0.24 −1
J120158.75-135459.9 z0.409358 0.409358 0.000060 O III 14.28 0.09 0
J120158.75-135459.9 z0.409358 0.409358 0.000060 S III 14.11 0.24 −1
J120556.08+104253.8 z0.256165 0.256165 0.000047 H I 15.72 0.05 0
J120556.08+104253.8 z0.256165 0.256165 0.000047 C III 13.60 0.11 0
J120556.08+104253.8 z0.256165 0.256165 0.000047 N I 14.18 0.24 −1
J120556.08+104253.8 z0.256165 0.256165 0.000047 N II 13.78 0.24 −1
J120556.08+104253.8 z0.256165 0.256165 0.000047 N III 13.68 0.24 −1
J120556.08+104253.8 z0.256165 0.256165 0.000047 O I 14.15 0.24 −1
J121430.55+082508.1 z0.324710 0.324710 0.000046 H I 15.68 0.02 0
J121430.55+082508.1 z0.324710 0.324710 0.000046 C II 13.19 0.24 −1
J121430.55+082508.1 z0.324710 0.324710 0.000046 N II 13.63 0.24 −1
J121430.55+082508.1 z0.324710 0.324710 0.000046 N III 13.52 0.24 −1
J121430.55+082508.1 z0.324710 0.324710 0.000046 O I 13.94 0.24 −1
J121430.55+082508.1 z0.324710 0.324710 0.000046 S III 13.96 0.24 −1
J121430.55+082508.1 z0.383836 0.383836 0.000052 H I 15.51 0.04 0
J121430.55+082508.1 z0.383836 0.383836 0.000052 C II 13.08 0.24 −1
J121430.55+082508.1 z0.383836 0.383836 0.000052 C III 12.74 0.24 −1
J121430.55+082508.1 z0.383836 0.383836 0.000052 N III 13.55 0.24 −1
J121430.55+082508.1 z0.383836 0.383836 0.000052 O I 13.97 0.24 −1
J121430.55+082508.1 z0.383836 0.383836 0.000052 O II 13.72 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J121430.55+082508.1 z0.383836 0.383836 0.000052 O III 13.83 0.24 −1
J121430.55+082508.1 z0.383836 0.383836 0.000052 S III 13.99 0.24 −1
J121640.56+071224.3 z0.382433 0.382433 0.000049 H I 15.18 0.04 0
J121640.56+071224.3 z0.382433 0.382433 0.000049 C II 13.12 0.24 −1
J121640.56+071224.3 z0.382433 0.382433 0.000049 C III 13.62 0.08 0
J121640.56+071224.3 z0.382433 0.382433 0.000049 N III 13.60 0.24 −1
J121640.56+071224.3 z0.382433 0.382433 0.000049 O I 14.05 0.24 −1
J121640.56+071224.3 z0.382433 0.382433 0.000049 O II 13.83 0.24 −1
J121640.56+071224.3 z0.382433 0.382433 0.000049 S III 14.07 0.24 −1
J122106.87+454852.1 z0.502973 0.502973 0.000040 H I 15.76 0.02 0
J122106.87+454852.1 z0.502973 0.502973 0.000040 C II 13.09 0.24 −1
J122106.87+454852.1 z0.502973 0.502973 0.000040 C III 14.07 0.08 −2
J122106.87+454852.1 z0.502973 0.502973 0.000040 Fe II 11.96 0.24 −1
J122106.87+454852.1 z0.502973 0.502973 0.000040 Mg II 11.47 0.24 −1
J122106.87+454852.1 z0.502973 0.502973 0.000040 O I 15.43 0.24 −1
J122317.79+092306.9 z0.379535 0.379535 0.000034 H I 15.94 0.02 0
J122317.79+092306.9 z0.379535 0.379535 0.000034 C II 13.37 0.10 0
J122317.79+092306.9 z0.379535 0.379535 0.000034 C III 13.59 0.05 0
J122317.79+092306.9 z0.379535 0.379535 0.000034 O I 13.78 0.24 −1
J122317.79+092306.9 z0.379535 0.379535 0.000034 O II 13.79 0.24 −1
J122317.79+092306.9 z0.379535 0.379535 0.000034 O III 13.68 0.24 −1
J122317.79+092306.9 z0.379535 0.379535 0.000034 S III 13.83 0.24 −1
J122454.44+212246.3 z0.378447 0.378447 0.000073 H I 15.45 0.02 0
J122454.44+212246.3 z0.378447 0.378447 0.000073 C II 12.85 0.24 −1
J122454.44+212246.3 z0.378447 0.378447 0.000073 C III 13.78 0.02 0
J122454.44+212246.3 z0.378447 0.378447 0.000073 N I 13.31 0.24 −1
J122454.44+212246.3 z0.378447 0.378447 0.000073 O I 13.63 0.24 −1
J122454.44+212246.3 z0.378447 0.378447 0.000073 O II 13.78 0.24 −1
J122454.44+212246.3 z0.378447 0.378447 0.000073 O III 14.49 0.08 0
J122454.44+212246.3 z0.378447 0.378447 0.000073 S II 14.46 0.24 −1
J122454.44+212246.3 z0.378447 0.378447 0.000073 S III 13.69 0.24 −1
J122454.44+212246.3 z0.378447 0.378447 0.000073 Si II 12.02 0.24 −1
J122454.44+212246.3 z0.378447 0.378447 0.000073 Si III 13.22 0.02 0
J122454.44+212246.3 z0.420788 0.420788 0.000032 H I 15.83 0.01 0
J122454.44+212246.3 z0.420788 0.420788 0.000032 C II 13.08 0.24 −1
J122454.44+212246.3 z0.420788 0.420788 0.000032 C III 13.26 0.03 0
J122454.44+212246.3 z0.420788 0.420788 0.000032 N I 13.19 0.24 −1
J122454.44+212246.3 z0.420788 0.420788 0.000032 N II 13.01 0.24 −1
J122454.44+212246.3 z0.420788 0.420788 0.000032 N III 13.13 0.24 −1
J122454.44+212246.3 z0.420788 0.420788 0.000032 O II 13.74 0.24 −1
J122454.44+212246.3 z0.420788 0.420788 0.000032 O III 13.77 0.09 0
J122454.44+212246.3 z0.420788 0.420788 0.000032 S II 14.32 0.24 −1
J122454.44+212246.3 z0.420788 0.420788 0.000032 S III 13.77 0.24 −1
J122454.44+212246.3 z0.420788 0.420788 0.000032 Si II 12.59 0.24 −1
J122454.44+212246.3 z0.420788 0.420788 0.000032 Si III 12.31 0.09 0
J122512.93+121835.7 z0.324970 0.324970 0.000038 H I 15.42 0.03 0
J122512.93+121835.7 z0.324970 0.324970 0.000038 C II 13.21 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J122512.93+121835.7 z0.324970 0.324970 0.000038 N II 13.76 0.24 −1
J122512.93+121835.7 z0.324970 0.324970 0.000038 N III 13.54 0.24 −1
J122512.93+121835.7 z0.324970 0.324970 0.000038 O I 13.97 0.24 −1
J122512.93+121835.7 z0.324970 0.324970 0.000038 S III 13.99 0.24 −1
J122512.93+121835.7 z0.324970 0.324970 0.000038 Si II 14.40 0.24 −1
J123304.05-003134.1 z0.318758 0.318758 0.000035 H I 15.56 0.01 0
J123304.05-003134.1 z0.318758 0.318758 0.000035 C II 13.23 0.24 −1
J123304.05-003134.1 z0.318758 0.318758 0.000035 Fe II 12.00 0.24 −1
J123304.05-003134.1 z0.318758 0.318758 0.000035 Mg II 11.63 0.14 0
J123304.05-003134.1 z0.318758 0.318758 0.000035 N I 13.67 0.24 −1
J123304.05-003134.1 z0.318758 0.318758 0.000035 N II 13.59 0.24 −1
J123304.05-003134.1 z0.318758 0.318758 0.000035 O I 14.17 0.24 −1
J123304.05-003134.1 z0.318758 0.318758 0.000035 S II 14.58 0.24 −1
J123304.05-003134.1 z0.318758 0.318758 0.000035 S III 14.53 0.24 −1
J123304.05-003134.1 z0.318758 0.318758 0.000035 Si II 13.13 0.24 −1
J123304.05-003134.1 z0.318758 0.318758 0.000035 Si III 12.89 0.14 0
J123335.07+475800.4 z0.284947 0.284947 0.000037 H I 15.51 0.03 0
J123335.07+475800.4 z0.284947 0.284947 0.000037 C II 13.29 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 C III 13.39 0.06 0
J123335.07+475800.4 z0.284947 0.284947 0.000037 Fe II 11.87 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 Mg II 11.37 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 N I 13.53 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 N II 13.55 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 N III 13.50 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 O I 13.69 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 S II 14.65 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 S III 14.26 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 Si II 12.79 0.24 −1
J123335.07+475800.4 z0.284947 0.284947 0.000037 Si III 12.73 0.11 0
J123335.07+475800.4 z0.284947 0.284947 0.000037 Si IV 13.33 0.24 −1
J124154.02+572107.3 z0.217947 0.217947 0.000053 H I 15.40 0.04 0
J124154.02+572107.3 z0.217947 0.217947 0.000053 C II 13.61 0.24 −1
J124154.02+572107.3 z0.217947 0.217947 0.000053 Fe II 12.48 0.24 −1
J124154.02+572107.3 z0.217947 0.217947 0.000053 Mg II 11.93 0.16 0
J124154.02+572107.3 z0.217947 0.217947 0.000053 N I 13.41 0.24 −1
J124154.02+572107.3 z0.217947 0.217947 0.000053 N II 13.62 0.24 −1
J124154.02+572107.3 z0.217947 0.217947 0.000053 O I 14.03 0.24 −1
J124154.02+572107.3 z0.217947 0.217947 0.000053 S II 14.46 0.24 −1
J124154.02+572107.3 z0.217947 0.217947 0.000053 S III 13.98 0.24 −1
J124154.02+572107.3 z0.217947 0.217947 0.000053 Si II 12.75 0.16 0
J124154.02+572107.3 z0.217947 0.217947 0.000053 Si III 12.63 0.12 0
J124511.26+335610.1 z0.587563 0.587563 0.000043 H I 15.11 0.05 0
J124511.26+335610.1 z0.587563 0.587563 0.000043 C II 13.50 0.24 −1
J124511.26+335610.1 z0.587563 0.587563 0.000043 C III 13.49 0.08 0
J124511.26+335610.1 z0.587563 0.587563 0.000043 Fe II 11.71 0.24 −1
J124511.26+335610.1 z0.587563 0.587563 0.000043 Mg II 11.38 0.24 −1
J124511.26+335610.1 z0.587563 0.587563 0.000043 N II 13.55 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J124511.26+335610.1 z0.587563 0.587563 0.000043 N III 13.95 0.24 −1
J124511.26+335610.1 z0.587563 0.587563 0.000043 O II 13.59 0.24 −1
J124511.26+335610.1 z0.587563 0.587563 0.000043 O III 13.71 0.24 −1
J124511.26+335610.1 z0.587563 0.587563 0.000043 S III 13.48 0.24 −1
J124511.26+335610.1 z0.644918 0.644918 0.000039 H I 15.74 0.04 0
J124511.26+335610.1 z0.644918 0.644918 0.000039 C II 13.61 0.24 −1
J124511.26+335610.1 z0.644918 0.644918 0.000039 C III 13.74 0.16 0
J124511.26+335610.1 z0.644918 0.644918 0.000039 Fe II 11.69 0.24 −1
J124511.26+335610.1 z0.644918 0.644918 0.000039 Mg II 11.50 0.14 0
J124511.26+335610.1 z0.644918 0.644918 0.000039 N II 13.90 0.24 −1
J124511.26+335610.1 z0.644918 0.644918 0.000039 O I 14.71 0.24 −1
J124511.26+335610.1 z0.644918 0.644918 0.000039 O III 14.17 0.10 0
J124511.26+335610.1 z0.644918 0.644918 0.000039 S III 13.22 0.24 −1
J124511.26+335610.1 z0.688948 0.688948 0.000031 H I 16.16 0.03 0
J124511.26+335610.1 z0.688948 0.688948 0.000031 C II 13.54 0.24 −1
J124511.26+335610.1 z0.688948 0.688948 0.000031 C III 14.14 0.02 −2
J124511.26+335610.1 z0.688948 0.688948 0.000031 Fe II 11.66 0.24 −1
J124511.26+335610.1 z0.688948 0.688948 0.000031 Mg II 11.93 0.05 0
J124511.26+335610.1 z0.688948 0.688948 0.000031 N III 13.49 0.24 −1
J124511.26+335610.1 z0.688948 0.688948 0.000031 O I 14.64 0.24 −1
J124511.26+335610.1 z0.688948 0.688948 0.000031 O II 13.86 0.24 −1
J124511.26+335610.1 z0.688948 0.688948 0.000031 O III 15.05 0.04 −2
J124511.26+335610.1 z0.688948 0.688948 0.000031 O IV 14.95 0.03 −2
J124511.26+335610.1 z0.688948 0.688948 0.000031 S III 13.41 0.11 0
J125846.65+242739.1 z0.226199 0.226199 0.000074 H I 15.92 0.08 0
J125846.65+242739.1 z0.226199 0.226199 0.000074 C II 13.62 0.24 −1
J125846.65+242739.1 z0.226199 0.226199 0.000074 C III 13.48 0.09 0
J125846.65+242739.1 z0.226199 0.226199 0.000074 O I 14.72 0.24 −1
J125846.65+242739.1 z0.226199 0.226199 0.000074 S III 14.14 0.24 −1
J130429.02+311308.2 z0.309948 0.309948 0.000040 H I 15.70 0.02 0
J130429.02+311308.2 z0.309948 0.309948 0.000040 C II 13.03 0.24 −1
J130429.02+311308.2 z0.309948 0.309948 0.000040 C III 13.70 0.05 −2
J130429.02+311308.2 z0.309948 0.309948 0.000040 N II 13.43 0.24 −1
J130429.02+311308.2 z0.309948 0.309948 0.000040 N III 13.52 0.24 −1
J130429.02+311308.2 z0.309948 0.309948 0.000040 O I 13.93 0.24 −1
J130429.02+311308.2 z0.309948 0.309948 0.000040 S III 13.85 0.24 −1
J130451.40+245445.9 z0.276315 0.276315 0.000061 H I 15.70 0.03 0
J130451.40+245445.9 z0.276315 0.276315 0.000061 C II 13.34 0.24 −1
J130451.40+245445.9 z0.276315 0.276315 0.000061 C III 12.63 0.24 −1
J130451.40+245445.9 z0.276315 0.276315 0.000061 N II 13.54 0.24 −1
J130451.40+245445.9 z0.276315 0.276315 0.000061 O I 13.84 0.24 −1
J130451.40+245445.9 z0.276315 0.276315 0.000061 S III 14.26 0.24 −1
J131956.23+272808.2 z0.733811 0.733811 0.000036 H I 15.42 0.01 0
J131956.23+272808.2 z0.733811 0.733811 0.000036 C III 13.25 0.05 0
J131956.23+272808.2 z0.733811 0.733811 0.000036 Mg II 11.12 0.24 −1
J133045.15+281321.5 z0.275547 0.275547 0.000044 H I 15.36 0.03 0
J133045.15+281321.5 z0.275547 0.275547 0.000044 C II 13.53 0.24 −1
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J133045.15+281321.5 z0.275547 0.275547 0.000044 Fe II 12.41 0.24 −1
J133045.15+281321.5 z0.275547 0.275547 0.000044 Mg II 11.81 0.24 −1
J133045.15+281321.5 z0.275547 0.275547 0.000044 N II 13.57 0.24 −1
J133045.15+281321.5 z0.275547 0.275547 0.000044 O I 13.98 0.24 −1
J133045.15+281321.5 z0.275547 0.275547 0.000044 S II 14.80 0.24 −1
J133045.15+281321.5 z0.275547 0.275547 0.000044 S III 14.00 0.24 −1
J133045.15+281321.5 z0.275547 0.275547 0.000044 Si II 12.91 0.24 −1
J133045.15+281321.5 z0.275547 0.275547 0.000044 Si III 12.48 0.24 −1
J133045.15+281321.5 z0.275547 0.275547 0.000044 Si IV 13.41 0.24 −1
J134100.78+412314.0 z0.463699 0.463699 0.000031 H I 15.26 0.04 0
J134100.78+412314.0 z0.463699 0.463699 0.000031 C II 12.96 0.24 −1
J134100.78+412314.0 z0.463699 0.463699 0.000031 C III 13.86 0.02 0
J134100.78+412314.0 z0.463699 0.463699 0.000031 Fe II 11.71 0.24 −1
J134100.78+412314.0 z0.463699 0.463699 0.000031 Mg II 11.29 0.24 −1
J134100.78+412314.0 z0.463699 0.463699 0.000031 N I 13.38 0.24 −1
J134100.78+412314.0 z0.463699 0.463699 0.000031 N II 13.44 0.24 −1
J134100.78+412314.0 z0.463699 0.463699 0.000031 O I 13.82 0.24 −1
J134100.78+412314.0 z0.463699 0.463699 0.000031 O II 13.94 0.05 0
J134100.78+412314.0 z0.463699 0.463699 0.000031 S III 13.68 0.24 −1
J134100.78+412314.0 z0.463699 0.463699 0.000031 Si II 12.74 0.24 −1
J134100.78+412314.0 z0.463699 0.463699 0.000031 Si III 12.67 0.11 0
J134100.78+412314.0 z0.620752 0.620752 0.000038 H I 15.51 0.01 0
J134100.78+412314.0 z0.620752 0.620752 0.000038 C II 13.65 0.24 −1
J134100.78+412314.0 z0.620752 0.620752 0.000038 Fe II 11.95 0.08 0
J134100.78+412314.0 z0.620752 0.620752 0.000038 Mg II 12.38 0.02 0
J134100.78+412314.0 z0.620752 0.620752 0.000038 N II 13.50 0.24 −1
J134100.78+412314.0 z0.620752 0.620752 0.000038 O I 13.98 0.24 −1
J134100.78+412314.0 z0.620752 0.620752 0.000038 S III 13.90 0.24 −1
J134100.78+412314.0 z0.621428 0.621428 0.000030 H I 16.09 0.01 0
J134100.78+412314.0 z0.621428 0.621428 0.000030 C II 13.90 0.02 0
J134100.78+412314.0 z0.621428 0.621428 0.000030 C III 14.35 0.01 −2
J134100.78+412314.0 z0.621428 0.621428 0.000030 Fe II 12.34 0.04 0
J134100.78+412314.0 z0.621428 0.621428 0.000030 Mg II 12.86 0.01 0
J134100.78+412314.0 z0.621428 0.621428 0.000030 O I 13.85 0.24 −1
J134100.78+412314.0 z0.621428 0.621428 0.000030 O II 14.18 0.04 0
J134100.78+412314.0 z0.621428 0.621428 0.000030 S III 12.98 0.24 −1
J134447.55+554656.8 z0.404153 0.404153 0.000034 H I 15.60 0.04 0
J134447.55+554656.8 z0.404153 0.404153 0.000034 C III 13.92 0.08 −2
J134447.55+554656.8 z0.404153 0.404153 0.000034 N III 13.79 0.24 −1
J134447.55+554656.8 z0.404153 0.404153 0.000034 O I 14.18 0.24 −1
J134447.55+554656.8 z0.404153 0.404153 0.000034 O II 13.70 0.24 −1
J135704.44+191907.3 z0.521468 0.521468 0.000031 H I 15.92 0.01 0
J135704.44+191907.3 z0.521468 0.521468 0.000031 C II 13.79 0.24 −1
J135704.44+191907.3 z0.521468 0.521468 0.000031 C III 13.30 0.05 0
J135704.44+191907.3 z0.521468 0.521468 0.000031 N I 13.88 0.24 −1
J135704.44+191907.3 z0.521468 0.521468 0.000031 N II 13.41 0.24 −1
J135704.44+191907.3 z0.521468 0.521468 0.000031 N III 13.21 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J135704.44+191907.3 z0.521468 0.521468 0.000031 O I 14.55 0.24 −1
J135704.44+191907.3 z0.521468 0.521468 0.000031 S III 13.65 0.24 −1
J135726.26+043541.3 z0.610248 0.610248 0.000040 H I 15.26 0.02 0
J135726.26+043541.3 z0.610248 0.610248 0.000040 C II 12.80 0.24 −1
J135726.26+043541.3 z0.610248 0.610248 0.000040 C III 13.87 0.04 −2
J135726.26+043541.3 z0.610248 0.610248 0.000040 Fe II 11.91 0.24 −1
J135726.26+043541.3 z0.610248 0.610248 0.000040 Mg II 11.54 0.24 −1
J135726.26+043541.3 z0.610248 0.610248 0.000040 N II 13.58 0.24 −1
J135726.26+043541.3 z0.610248 0.610248 0.000040 N III 13.52 0.24 −1
J135726.26+043541.3 z0.610248 0.610248 0.000040 O I 14.08 0.24 −1
J135726.26+043541.3 z0.610248 0.610248 0.000040 O II 13.57 0.24 −1
J135726.26+043541.3 z0.610248 0.610248 0.000040 O III 14.31 0.05 0
J135726.26+043541.3 z0.610248 0.610248 0.000040 S III 13.59 0.24 −1
J140732.25+550725.4 z0.243328 0.243328 0.000039 H I 16.04 0.05 0
J140732.25+550725.4 z0.243328 0.243328 0.000039 C II 13.43 0.24 −1
J140732.25+550725.4 z0.243328 0.243328 0.000039 N I 13.79 0.24 −1
J140732.25+550725.4 z0.243328 0.243328 0.000039 N II 13.33 0.24 −1
J140732.25+550725.4 z0.243328 0.243328 0.000039 N III 13.25 0.24 −1
J140732.25+550725.4 z0.243328 0.243328 0.000039 S III 13.76 0.24 −1
J140732.25+550725.4 z0.246911 0.246911 0.000033 H I 15.81 0.10 0
J140732.25+550725.4 z0.246911 0.246911 0.000033 C III 12.65 0.24 −1
J140732.25+550725.4 z0.246911 0.246911 0.000033 N I 13.70 0.24 −1
J140732.25+550725.4 z0.246911 0.246911 0.000033 N III 13.18 0.24 −1
J140732.25+550725.4 z0.246911 0.246911 0.000033 O I 13.61 0.24 −1
J140923.90+261820.9 z0.574868 0.574868 0.000034 H I 15.65 0.01 0
J140923.90+261820.9 z0.574868 0.574868 0.000034 C II 12.54 0.24 −1
J140923.90+261820.9 z0.574868 0.574868 0.000034 Fe II 11.59 0.24 −1
J140923.90+261820.9 z0.574868 0.574868 0.000034 Mg II 11.16 0.24 −1
J140923.90+261820.9 z0.574868 0.574868 0.000034 N I 13.80 0.24 −1
J140923.90+261820.9 z0.574868 0.574868 0.000034 N II 13.14 0.24 −1
J140923.90+261820.9 z0.574868 0.574868 0.000034 O I 13.44 0.24 −1
J140923.90+261820.9 z0.574868 0.574868 0.000034 O II 13.04 0.24 −1
J140923.90+261820.9 z0.574868 0.574868 0.000034 S III 13.62 0.24 −1
J140923.90+261820.9 z0.599561 0.599561 0.000029 H I 15.88 0.01 0
J140923.90+261820.9 z0.599561 0.599561 0.000029 C II 13.85 0.02 0
J140923.90+261820.9 z0.599561 0.599561 0.000029 C III 13.96 0.01 −2
J140923.90+261820.9 z0.599561 0.599561 0.000029 Mg II 12.62 0.01 0
J140923.90+261820.9 z0.599561 0.599561 0.000029 N II 13.48 0.11 −2
J140923.90+261820.9 z0.599561 0.599561 0.000029 O I 13.42 0.24 −1
J140923.90+261820.9 z0.599561 0.599561 0.000029 O II 14.05 0.02 0
J140923.90+261820.9 z0.599561 0.599561 0.000029 O III 14.38 0.01 0
J140923.90+261820.9 z0.817046 0.817046 0.000030 H I 15.65 0.01 0
J140923.90+261820.9 z0.817046 0.817046 0.000030 C II 12.59 0.24 −1
J140923.90+261820.9 z0.817046 0.817046 0.000030 Fe II 11.51 0.24 −1
J140923.90+261820.9 z0.817046 0.817046 0.000030 Mg II 11.17 0.24 −1
J140923.90+261820.9 z0.817046 0.817046 0.000030 N III 13.09 0.24 −1
J140923.90+261820.9 z0.817046 0.817046 0.000030 O I 14.01 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J140923.90+261820.9 z0.817046 0.817046 0.000030 O II 12.91 0.24 −1
J140923.90+261820.9 z0.817046 0.817046 0.000030 S III 12.08 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 H I 15.83 0.03 0
J141038.39+230447.1 z0.265892 0.265892 0.000055 C II 13.40 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 C III 12.75 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 N I 13.20 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 N III 13.53 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 O I 13.84 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 S II 14.39 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 S III 13.94 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 Si II 12.55 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 Si III 12.18 0.24 −1
J141038.39+230447.1 z0.265892 0.265892 0.000055 Si IV 12.84 0.24 −1
J141038.39+230447.1 z0.349849 0.349849 0.000035 H I 15.62 0.03 0
J141038.39+230447.1 z0.349849 0.349849 0.000035 C II 13.19 0.24 −1
J141038.39+230447.1 z0.349849 0.349849 0.000035 N I 13.35 0.24 −1
J141038.39+230447.1 z0.349849 0.349849 0.000035 N II 13.16 0.24 −1
J141038.39+230447.1 z0.349849 0.349849 0.000035 O I 13.75 0.24 −1
J141038.39+230447.1 z0.349849 0.349849 0.000035 S II 14.22 0.24 −1
J141038.39+230447.1 z0.349849 0.349849 0.000035 S III 13.89 0.24 −1
J141038.39+230447.1 z0.349849 0.349849 0.000035 Si II 12.34 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 H I 15.46 0.04 0
J141038.39+230447.1 z0.351043 0.351043 0.000040 C II 13.44 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 C III 13.01 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 N I 13.28 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 N II 13.15 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 N III 13.49 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 O I 13.77 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 S II 14.21 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 S III 13.90 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 Si II 12.36 0.24 −1
J141038.39+230447.1 z0.351043 0.351043 0.000040 Si III 12.23 0.24 −1
J141542.90+163413.7 z0.481677 0.481677 0.000034 H I 16.02 0.01 0
J141542.90+163413.7 z0.481677 0.481677 0.000034 C II 12.74 0.24 −1
J141542.90+163413.7 z0.481677 0.481677 0.000034 C III 13.42 0.10 0
J141542.90+163413.7 z0.481677 0.481677 0.000034 O I 15.18 0.24 −1
J141542.90+163413.7 z0.481677 0.481677 0.000034 O II 13.54 0.10 0
J141542.90+163413.7 z0.481677 0.481677 0.000034 O III 14.17 0.04 0
J141910.20+420746.9 z0.425592 0.425592 0.000039 H I 16.17 0.05 0
J141910.20+420746.9 z0.425592 0.425592 0.000039 C II 13.40 0.24 −1
J141910.20+420746.9 z0.425592 0.425592 0.000039 C III 13.40 0.11 0
J141910.20+420746.9 z0.425592 0.425592 0.000039 Mg II 11.63 0.24 −1
J141910.20+420746.9 z0.425592 0.425592 0.000039 N I 13.79 0.24 −1
J141910.20+420746.9 z0.425592 0.425592 0.000039 N II 13.71 0.24 −1
J141910.20+420746.9 z0.425592 0.425592 0.000039 O I 14.08 0.24 −1
J141910.20+420746.9 z0.425592 0.425592 0.000039 O II 14.03 0.24 −1
J141910.20+420746.9 z0.425592 0.425592 0.000039 S II 15.19 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J141910.20+420746.9 z0.425592 0.425592 0.000039 Si II 13.19 0.24 −1
J141910.20+420746.9 z0.425592 0.425592 0.000039 Si III 13.15 0.20 −2
J141910.20+420746.9 z0.522082 0.522082 0.000054 H I 15.77 0.03 0
J141910.20+420746.9 z0.522082 0.522082 0.000054 C II 13.36 0.24 −1
J141910.20+420746.9 z0.522082 0.522082 0.000054 C III 13.77 0.06 0
J141910.20+420746.9 z0.522082 0.522082 0.000054 Fe II 11.77 0.24 −1
J141910.20+420746.9 z0.522082 0.522082 0.000054 Mg II 11.44 0.24 −1
J141910.20+420746.9 z0.522082 0.522082 0.000054 N I 14.53 0.24 −1
J141910.20+420746.9 z0.522082 0.522082 0.000054 N III 13.75 0.24 −1
J141910.20+420746.9 z0.522082 0.522082 0.000054 O I 14.18 0.24 −1
J141910.20+420746.9 z0.522082 0.522082 0.000054 O II 13.71 0.24 −1
J141910.20+420746.9 z0.522082 0.522082 0.000054 S III 14.23 0.24 −1
J141910.20+420746.9 z0.534585 0.534585 0.000033 H I 16.15 0.05 0
J141910.20+420746.9 z0.534585 0.534585 0.000033 C II 13.52 0.16 −1
J141910.20+420746.9 z0.534585 0.534585 0.000033 C III 13.57 0.11 0
J141910.20+420746.9 z0.534585 0.534585 0.000033 Mg II 12.62 0.03 0
J141910.20+420746.9 z0.534585 0.534585 0.000033 N I 14.17 0.24 −1
J141910.20+420746.9 z0.534585 0.534585 0.000033 N II 13.83 0.24 −1
J141910.20+420746.9 z0.534585 0.534585 0.000033 N III 13.86 0.16 −1
J141910.20+420746.9 z0.534585 0.534585 0.000033 O I 13.99 0.24 −1
J141910.20+420746.9 z0.534585 0.534585 0.000033 O II 13.69 0.24 −1
J141910.20+420746.9 z0.534585 0.534585 0.000033 O III 14.25 0.15 0
J141910.20+420746.9 z0.534585 0.534585 0.000033 S III 14.06 0.24 −1
J141910.20+420746.9 z0.608265 0.608265 0.000045 H I 15.75 0.03 0
J141910.20+420746.9 z0.608265 0.608265 0.000045 C II 13.83 0.24 −1
J141910.20+420746.9 z0.608265 0.608265 0.000045 C III 13.27 0.14 0
J141910.20+420746.9 z0.608265 0.608265 0.000045 Mg II 11.41 0.24 −1
J141910.20+420746.9 z0.608265 0.608265 0.000045 N II 13.76 0.24 −1
J141910.20+420746.9 z0.608265 0.608265 0.000045 N III 13.80 0.24 −1
J141910.20+420746.9 z0.608265 0.608265 0.000045 O I 14.30 0.24 −1
J141910.20+420746.9 z0.608265 0.608265 0.000045 O II 14.14 0.24 −1
J141910.20+420746.9 z0.608265 0.608265 0.000045 O III 13.74 0.24 −1
J141910.20+420746.9 z0.608265 0.608265 0.000045 O IV 13.63 0.24 −1
J141910.20+420746.9 z0.608265 0.608265 0.000045 S III 14.23 0.24 −1
J142859.03+322506.8 z0.382333 0.382333 0.000033 H I 15.29 0.02 0
J142859.03+322506.8 z0.382333 0.382333 0.000033 C II 12.82 0.24 −1
J142859.03+322506.8 z0.382333 0.382333 0.000033 C III 13.43 0.04 0
J142859.03+322506.8 z0.382333 0.382333 0.000033 N III 13.33 0.24 −1
J142859.03+322506.8 z0.382333 0.382333 0.000033 O I 13.76 0.24 −1
J142859.03+322506.8 z0.382333 0.382333 0.000033 O II 13.42 0.24 −1
J142859.03+322506.8 z0.382333 0.382333 0.000033 O III 14.02 0.09 0
J142859.03+322506.8 z0.516578 0.516578 0.000048 H I 15.99 0.01 0
J142859.03+322506.8 z0.516578 0.516578 0.000048 C II 13.20 0.24 −1
J142859.03+322506.8 z0.516578 0.516578 0.000048 O II 13.36 0.24 −1
J142859.03+322506.8 z0.516578 0.516578 0.000048 O III 14.40 0.02 0
J142859.03+322506.8 z0.516578 0.516578 0.000048 O IV 14.60 0.03 0
J143511.53+360437.2 z0.387594 0.387594 0.000063 H I 16.18 0.06 0
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J143511.53+360437.2 z0.387594 0.387594 0.000063 C II 13.39 0.24 −1
J143511.53+360437.2 z0.387594 0.387594 0.000063 C III 14.06 0.02 −2
J143511.53+360437.2 z0.387594 0.387594 0.000063 Mg II 11.38 0.21 0
J143511.53+360437.2 z0.387594 0.387594 0.000063 N I 13.78 0.24 −1
J143511.53+360437.2 z0.387594 0.387594 0.000063 N II 13.65 0.24 −1
J143511.53+360437.2 z0.387594 0.387594 0.000063 N III 14.27 0.08 0
J143511.53+360437.2 z0.387594 0.387594 0.000063 O I 14.12 0.24 −1
J143511.53+360437.2 z0.387594 0.387594 0.000063 O II 14.11 0.24 −1
J143511.53+360437.2 z0.387594 0.387594 0.000063 O III 14.83 0.13 −2
J143511.53+360437.2 z0.387594 0.387594 0.000063 S II 14.51 0.24 −1
J143511.53+360437.2 z0.387594 0.387594 0.000063 S III 14.10 0.24 −1
J143511.53+360437.2 z0.387594 0.387594 0.000063 Si II 12.85 0.24 −1
J143511.53+360437.2 z0.387594 0.387594 0.000063 Si III 12.69 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 H I 15.44 0.02 0
J143748.28-014710.7 z0.298949 0.298949 0.000031 C II 12.72 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 C III 12.12 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 Fe II 11.60 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 Mg II 11.00 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 N I 12.87 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 N II 12.98 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 O I 14.07 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 S II 14.37 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 S III 13.48 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 Si II 11.97 0.24 −1
J143748.28-014710.7 z0.298949 0.298949 0.000031 Si III 11.78 0.24 −1
J143748.28-014710.7 z0.612744 0.612744 0.000068 H I 15.31 0.01 0
J143748.28-014710.7 z0.612744 0.612744 0.000068 C III 13.73 0.01 0
J143748.28-014710.7 z0.612744 0.612744 0.000068 Mg II 11.32 0.09 0
J143748.28-014710.7 z0.612744 0.612744 0.000068 N III 13.33 0.24 −1
J143748.28-014710.7 z0.612744 0.612744 0.000068 O I 13.64 0.24 −1
J143748.28-014710.7 z0.612744 0.612744 0.000068 O II 13.06 0.24 −1
J143748.28-014710.7 z0.612744 0.612744 0.000068 S III 13.56 0.24 −1
J143748.28-014710.7 z0.681207 0.681207 0.000062 H I 15.47 0.01 0
J143748.28-014710.7 z0.681207 0.681207 0.000062 C II 12.67 0.24 −1
J143748.28-014710.7 z0.681207 0.681207 0.000062 C III 12.88 0.08 0
J143748.28-014710.7 z0.681207 0.681207 0.000062 Fe II 11.29 0.24 −1
J143748.28-014710.7 z0.681207 0.681207 0.000062 Mg II 10.95 0.24 −1
J143748.28-014710.7 z0.681207 0.681207 0.000062 O I 13.61 0.24 −1
J143748.28-014710.7 z0.681207 0.681207 0.000062 O II 13.30 0.24 −1
J143748.28-014710.7 z0.681207 0.681207 0.000062 S III 13.65 0.24 −1
J150030.64+551708.8 z0.347999 0.347999 0.000040 H I 15.42 0.02 0
J150030.64+551708.8 z0.347999 0.347999 0.000040 C II 13.42 0.24 −1
J150030.64+551708.8 z0.347999 0.347999 0.000040 C III 13.80 0.04 0
J150030.64+551708.8 z0.347999 0.347999 0.000040 O I 13.82 0.24 −1
J150030.64+551708.8 z0.347999 0.347999 0.000040 S III 13.81 0.24 −1
J152424.58+095829.7 z0.571825 0.571825 0.000030 H I 15.46 0.01 0
J152424.58+095829.7 z0.571825 0.571825 0.000030 C II 12.57 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J152424.58+095829.7 z0.571825 0.571825 0.000030 C III 12.47 0.16 0
J152424.58+095829.7 z0.571825 0.571825 0.000030 Fe II 11.57 0.24 −1
J152424.58+095829.7 z0.571825 0.571825 0.000030 Mg II 11.14 0.24 −1
J152424.58+095829.7 z0.571825 0.571825 0.000030 N I 13.94 0.24 −1
J152424.58+095829.7 z0.571825 0.571825 0.000030 N II 13.28 0.24 −1
J152424.58+095829.7 z0.571825 0.571825 0.000030 N III 13.10 0.24 −1
J152424.58+095829.7 z0.571825 0.571825 0.000030 O I 13.53 0.24 −1
J152424.58+095829.7 z0.571825 0.571825 0.000030 O II 13.52 0.14 −1
J152424.58+095829.7 z0.571825 0.571825 0.000030 O III 13.38 0.17 −1
J152424.58+095829.7 z0.571825 0.571825 0.000030 O IV 13.16 0.24 −1
J152424.58+095829.7 z0.675378 0.675378 0.000033 H I 15.45 0.02 0
J152424.58+095829.7 z0.675378 0.675378 0.000033 C II 12.69 0.20 0
J152424.58+095829.7 z0.675378 0.675378 0.000033 Fe II 11.56 0.24 −1
J152424.58+095829.7 z0.675378 0.675378 0.000033 Mg II 11.18 0.24 −1
J152424.58+095829.7 z0.675378 0.675378 0.000033 N III 13.09 0.24 −1
J152424.58+095829.7 z0.675378 0.675378 0.000033 O I 13.50 0.24 −1
J152424.58+095829.7 z0.675378 0.675378 0.000033 O II 13.05 0.24 −1
J152424.58+095829.7 z0.675378 0.675378 0.000033 S III 12.55 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 H I 15.66 0.03 0
J155048.29+400144.9 z0.427306 0.427306 0.000070 C II 13.55 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 C III 14.24 0.03 −2
J155048.29+400144.9 z0.427306 0.427306 0.000070 Fe II 11.79 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 Mg II 11.35 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 N I 13.85 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 N III 13.66 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 O I 14.10 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 O II 13.91 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 O III 14.71 0.08 0
J155048.29+400144.9 z0.427306 0.427306 0.000070 S III 14.40 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 Si II 13.19 0.24 −1
J155048.29+400144.9 z0.427306 0.427306 0.000070 Si III 13.29 0.22 −2
J155048.29+400144.9 z0.492632 0.492632 0.000034 H I 15.62 0.05 0
J155048.29+400144.9 z0.492632 0.492632 0.000034 C II 13.13 0.24 −1
J155048.29+400144.9 z0.492632 0.492632 0.000034 C III 13.31 0.06 0
J155048.29+400144.9 z0.492632 0.492632 0.000034 Mg II 12.31 0.02 0
J155048.29+400144.9 z0.492632 0.492632 0.000034 N I 13.76 0.24 −1
J155048.29+400144.9 z0.492632 0.492632 0.000034 N II 13.87 0.24 −1
J155048.29+400144.9 z0.492632 0.492632 0.000034 N III 13.46 0.24 −1
J155048.29+400144.9 z0.492632 0.492632 0.000034 O I 13.86 0.24 −1
J155048.29+400144.9 z0.492632 0.492632 0.000034 O II 13.52 0.24 −1
J155048.29+400144.9 z0.492632 0.492632 0.000034 S III 13.93 0.24 −1
J155048.29+400144.9 z0.492632 0.492632 0.000034 Si II 13.15 0.24 −1
J155232.54+570516.5 z0.366521 0.366521 0.000032 H I 16.07 0.04 0
J155232.54+570516.5 z0.366521 0.366521 0.000032 C III 14.13 0.02 −2
J155232.54+570516.5 z0.366521 0.366521 0.000032 O I 14.60 0.24 −1
J155232.54+570516.5 z0.366521 0.366521 0.000032 S III 14.01 0.24 −1
J155304.92+354828.6 z0.217943 0.217943 0.000036 H I 15.45 0.03 0
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J155304.92+354828.6 z0.217943 0.217943 0.000036 C II 13.58 0.24 −1
J155304.92+354828.6 z0.217943 0.217943 0.000036 Fe II 12.06 0.24 −1
J155304.92+354828.6 z0.217943 0.217943 0.000036 Mg II 11.49 0.19 0
J155304.92+354828.6 z0.217943 0.217943 0.000036 N I 13.44 0.24 −1
J155304.92+354828.6 z0.217943 0.217943 0.000036 N II 13.63 0.24 −1
J155304.92+354828.6 z0.217943 0.217943 0.000036 O I 14.02 0.24 −1
J155304.92+354828.6 z0.217943 0.217943 0.000036 S II 14.40 0.24 −1
J155304.92+354828.6 z0.217943 0.217943 0.000036 S III 14.00 0.24 −1
J155304.92+354828.6 z0.217943 0.217943 0.000036 Si II 12.55 0.24 −1
J155304.92+354828.6 z0.217943 0.217943 0.000036 Si III 13.20 0.05 0
J155304.92+354828.6 z0.217943 0.217943 0.000036 Si IV 13.03 0.24 −1
J155304.92+354828.6 z0.475466 0.475466 0.000057 H I 15.68 0.04 0
J155304.92+354828.6 z0.475466 0.475466 0.000057 C II 13.69 0.16 0
J155304.92+354828.6 z0.475466 0.475466 0.000057 C III 14.03 0.08 −2
J155304.92+354828.6 z0.475466 0.475466 0.000057 Mg II 12.13 0.03 0
J155304.92+354828.6 z0.475466 0.475466 0.000057 N I 13.67 0.24 −1
J155304.92+354828.6 z0.475466 0.475466 0.000057 N II 13.90 0.24 −1
J155304.92+354828.6 z0.475466 0.475466 0.000057 O I 13.95 0.24 −1
J155304.92+354828.6 z0.475466 0.475466 0.000057 O II 13.85 0.12 −1
J155304.92+354828.6 z0.475466 0.475466 0.000057 S III 14.03 0.24 −1
J155304.92+354828.6 z0.475466 0.475466 0.000057 Si II 13.05 0.24 −1
J155304.92+354828.6 z0.475466 0.475466 0.000057 Si III 12.79 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 H I 15.61 0.04 0
J155504.39+362848.0 z0.576033 0.576033 0.000053 C II 13.33 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 C III 12.98 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 Fe II 12.17 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 Mg II 11.70 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 N II 13.95 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 N III 13.80 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 O I 15.03 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 O II 13.66 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 O III 13.84 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 O IV 13.82 0.24 −1
J155504.39+362848.0 z0.576033 0.576033 0.000053 S III 13.80 0.24 −1
J161916.54+334238.4 z0.442306 0.442306 0.000060 H I 15.86 0.03 0
J161916.54+334238.4 z0.442306 0.442306 0.000060 C III 12.82 0.13 0
J161916.54+334238.4 z0.442306 0.442306 0.000060 Fe II 11.64 0.24 −1
J161916.54+334238.4 z0.442306 0.442306 0.000060 Mg II 11.13 0.24 −1
J161916.54+334238.4 z0.442306 0.442306 0.000060 N I 13.38 0.24 −1
J161916.54+334238.4 z0.442306 0.442306 0.000060 O I 13.80 0.24 −1
J161916.54+334238.4 z0.442306 0.442306 0.000060 O II 13.48 0.24 −1
J161916.54+334238.4 z0.442306 0.442306 0.000060 O III 13.59 0.24 −1
J161916.54+334238.4 z0.442306 0.442306 0.000060 S III 13.66 0.24 −1
J161916.54+334238.4 z0.442306 0.442306 0.000060 Si II 12.73 0.24 −1
J161916.54+334238.4 z0.442306 0.442306 0.000060 Si III 12.26 0.24 −1
J163201.12+373749.9 z0.417740 0.417740 0.000032 H I 15.70 0.01 0
J163201.12+373749.9 z0.417740 0.417740 0.000032 C II 13.75 0.05 0
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J163201.12+373749.9 z0.417740 0.417740 0.000032 C III 14.03 0.01 −2
J163201.12+373749.9 z0.417740 0.417740 0.000032 Mg II 12.23 0.02 0
J163201.12+373749.9 z0.417740 0.417740 0.000032 N I 13.39 0.24 −1
J163201.12+373749.9 z0.417740 0.417740 0.000032 O I 13.42 0.24 −1
J163201.12+373749.9 z0.417740 0.417740 0.000032 O II 13.65 0.06 0
J163201.12+373749.9 z0.417740 0.417740 0.000032 S II 14.54 0.24 −1
J163201.12+373749.9 z0.417740 0.417740 0.000032 S III 14.06 0.24 −1
J163201.12+373749.9 z0.417740 0.417740 0.000032 Si III 13.03 0.05 0
J163201.12+373749.9 z0.810995 0.810995 0.000055 H I 15.56 0.02 0
J163201.12+373749.9 z0.810995 0.810995 0.000055 C II 13.40 0.16 −1
J163201.12+373749.9 z0.810995 0.810995 0.000055 C III 12.68 0.24 −1
J163201.12+373749.9 z0.810995 0.810995 0.000055 Fe II 11.36 0.24 −1
J163201.12+373749.9 z0.810995 0.810995 0.000055 Mg II 11.11 0.24 −1
J163201.12+373749.9 z0.810995 0.810995 0.000055 N III 13.71 0.24 −1
J163201.12+373749.9 z0.810995 0.810995 0.000055 O II 13.15 0.24 −1
J163201.12+373749.9 z0.810995 0.810995 0.000055 O III 12.98 0.24 −1
J163201.12+373749.9 z0.810995 0.810995 0.000055 S III 11.98 0.24 −1
J215647.46+224249.8 z0.592763 0.592763 0.000032 H I 15.26 0.04 0
J215647.46+224249.8 z0.592763 0.592763 0.000032 C II 12.98 0.24 −1
J215647.46+224249.8 z0.592763 0.592763 0.000032 C III 13.38 0.08 0
J215647.46+224249.8 z0.592763 0.592763 0.000032 Fe II 11.33 0.24 −1
J215647.46+224249.8 z0.592763 0.592763 0.000032 Mg II 10.95 0.24 −1
J215647.46+224249.8 z0.592763 0.592763 0.000032 N II 13.65 0.24 −1
J215647.46+224249.8 z0.592763 0.592763 0.000032 O I 13.93 0.24 −1
J215647.46+224249.8 z0.592763 0.592763 0.000032 S III 13.98 0.24 −1
J215647.46+224249.8 z0.601114 0.601114 0.000042 H I 15.75 0.04 0
J215647.46+224249.8 z0.601114 0.601114 0.000042 C II 13.00 0.24 −1
J215647.46+224249.8 z0.601114 0.601114 0.000042 C III 12.84 0.17 −1
J215647.46+224249.8 z0.601114 0.601114 0.000042 Fe II 11.34 0.24 −1
J215647.46+224249.8 z0.601114 0.601114 0.000042 Mg II 10.87 0.24 −1
J215647.46+224249.8 z0.601114 0.601114 0.000042 O I 14.19 0.24 −1
J215647.46+224249.8 z0.601114 0.601114 0.000042 S III 13.99 0.24 −1
J215647.46+224249.8 z0.619964 0.619964 0.000036 H I 15.25 0.04 0
J215647.46+224249.8 z0.619964 0.619964 0.000036 C II 13.03 0.24 −1
J215647.46+224249.8 z0.619964 0.619964 0.000036 C III 12.98 0.24 −1
J215647.46+224249.8 z0.619964 0.619964 0.000036 Fe II 11.27 0.24 −1
J215647.46+224249.8 z0.619964 0.619964 0.000036 Mg II 10.96 0.24 −1
J215647.46+224249.8 z0.619964 0.619964 0.000036 N II 13.65 0.24 −1
J215647.46+224249.8 z0.619964 0.619964 0.000036 N III 13.72 0.24 −1
J215647.46+224249.8 z0.619964 0.619964 0.000036 O I 14.78 0.24 −1
J215647.46+224249.8 z0.619964 0.619964 0.000036 S III 14.04 0.24 −1
J215647.46+224249.8 z0.621378 0.621378 0.000033 H I 16.11 0.02 0
J215647.46+224249.8 z0.621378 0.621378 0.000033 C II 13.16 0.24 −1
J215647.46+224249.8 z0.621378 0.621378 0.000033 C III 13.25 0.14 0
J215647.46+224249.8 z0.621378 0.621378 0.000033 Fe II 11.29 0.24 −1
J215647.46+224249.8 z0.621378 0.621378 0.000033 Mg II 10.89 0.24 −1
J215647.46+224249.8 z0.621378 0.621378 0.000033 N II 13.60 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J215647.46+224249.8 z0.621378 0.621378 0.000033 N III 13.68 0.24 −1
J215647.46+224249.8 z0.621378 0.621378 0.000033 O I 14.71 0.24 −1
J225357.75+160853.1 z0.320621 0.320621 0.000038 H I 15.51 0.04 0
J225357.75+160853.1 z0.320621 0.320621 0.000038 C II 13.44 0.24 −1
J225357.75+160853.1 z0.320621 0.320621 0.000038 Fe II 12.05 0.24 −1
J225357.75+160853.1 z0.320621 0.320621 0.000038 Mg II 11.43 0.24 −1
J225357.75+160853.1 z0.320621 0.320621 0.000038 N I 13.30 0.24 −1
J225357.75+160853.1 z0.320621 0.320621 0.000038 N II 13.72 0.24 −1
J225357.75+160853.1 z0.320621 0.320621 0.000038 O I 14.81 0.24 −1
J225357.75+160853.1 z0.320621 0.320621 0.000038 S II 14.31 0.24 −1
J225357.75+160853.1 z0.320621 0.320621 0.000038 Si II 12.45 0.24 −1
J225357.75+160853.1 z0.320621 0.320621 0.000038 Si III 12.21 0.24 −1
J225738.20+134045.4 z0.498882 0.498882 0.000037 H I 15.76 0.03 0
J225738.20+134045.4 z0.498882 0.498882 0.000037 C II 13.29 0.24 −1
J225738.20+134045.4 z0.498882 0.498882 0.000037 C III 13.59 0.06 0
J225738.20+134045.4 z0.498882 0.498882 0.000037 Fe II 11.72 0.24 −1
J225738.20+134045.4 z0.498882 0.498882 0.000037 Mg II 11.28 0.24 −1
J225738.20+134045.4 z0.498882 0.498882 0.000037 N I 14.26 0.24 −1
J225738.20+134045.4 z0.498882 0.498882 0.000037 N II 13.90 0.24 −1
J225738.20+134045.4 z0.498882 0.498882 0.000037 N III 13.64 0.24 −1
J225738.20+134045.4 z0.498882 0.498882 0.000037 O I 14.07 0.24 −1
J225738.20+134045.4 z0.498882 0.498882 0.000037 O II 13.85 0.24 −1
J225738.20+134045.4 z0.498882 0.498882 0.000037 O III 14.25 0.09 0
J225738.20+134045.4 z0.498882 0.498882 0.000037 S III 14.11 0.24 −1
J234500.43-005936.0 z0.548121 0.548121 0.000050 H I 16.07 0.03 0
J234500.43-005936.0 z0.548121 0.548121 0.000050 C II 13.64 0.12 0
J234500.43-005936.0 z0.548121 0.548121 0.000050 Fe II 11.88 0.24 −1
J234500.43-005936.0 z0.548121 0.548121 0.000050 Mg II 12.36 0.03 0
J234500.43-005936.0 z0.548121 0.548121 0.000050 N I 14.34 0.24 −1
J234500.43-005936.0 z0.548121 0.548121 0.000050 N II 13.89 0.24 −1
J234500.43-005936.0 z0.548121 0.548121 0.000050 N III 14.04 0.24 −1
J234500.43-005936.0 z0.548121 0.548121 0.000050 O I 14.15 0.24 −1
J234500.43-005936.0 z0.548121 0.548121 0.000050 O II 13.89 0.11 0
J234500.43-005936.0 z0.548121 0.548121 0.000050 S III 14.19 0.24 −1
pLLSs
J011016.25-021851.0 z0.399146 0.399146 0.000030 H I 16.77 0.02 0
J011016.25-021851.0 z0.399146 0.399146 0.000030 C II 13.26 0.24 −1
J011016.25-021851.0 z0.399146 0.399146 0.000030 C III 14.06 0.03 −2
J011016.25-021851.0 z0.399146 0.399146 0.000030 Fe II 12.44 0.24 −1
J011016.25-021851.0 z0.399146 0.399146 0.000030 Fe III 13.83 0.24 −1
J011016.25-021851.0 z0.399146 0.399146 0.000030 Mg II 12.16 0.12 0
J011016.25-021851.0 z0.399146 0.399146 0.000030 N I 13.64 0.24 −1
J011016.25-021851.0 z0.399146 0.399146 0.000030 N II 13.32 0.24 −1
J011016.25-021851.0 z0.399146 0.399146 0.000030 N III 13.69 0.10 0
J011016.25-021851.0 z0.399146 0.399146 0.000030 O I 13.68 0.24 −1
J011016.25-021851.0 z0.399146 0.399146 0.000030 O II 14.13 0.11 0
J011016.25-021851.0 z0.399146 0.399146 0.000030 S II 14.56 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J011016.25-021851.0 z0.399146 0.399146 0.000030 S III 13.75 0.24 −1
J011016.25-021851.0 z0.399146 0.399146 0.000030 Si II 12.68 0.24 −1
J011016.25-021851.0 z0.399146 0.399146 0.000030 Si III 13.54 0.06 −2
J015513.20-450611.9 z0.225958 0.225958 0.000030 H I 16.71 0.07 0
J015513.20-450611.9 z0.225958 0.225958 0.000030 C II 14.07 0.02 0
J015513.20-450611.9 z0.225958 0.225958 0.000030 C III 14.15 0.01 −2
J015513.20-450611.9 z0.225958 0.225958 0.000030 Mg II 12.68 0.02 0
J015513.20-450611.9 z0.225958 0.225958 0.000030 O I 14.71 0.24 −1
J015513.20-450611.9 z0.225958 0.225958 0.000030 S II 13.92 0.24 −1
J015513.20-450611.9 z0.225958 0.225958 0.000030 S III 13.57 0.24 −1
J015513.20-450611.9 z0.225958 0.225958 0.000030 Si II 12.70 0.05 0
J015513.20-450611.9 z0.225958 0.225958 0.000030 Si III 13.59 0.01 −2
J023507.38-040205.6 z0.738890 0.738890 0.000033 H I 16.67 0.01 0
J023507.38-040205.6 z0.738890 0.738890 0.000033 C II 13.28 0.08 0
J023507.38-040205.6 z0.738890 0.738890 0.000033 C III 14.27 0.08 −2
J023507.38-040205.6 z0.738890 0.738890 0.000033 Fe II 11.97 0.24 −1
J023507.38-040205.6 z0.738890 0.738890 0.000033 Mg II 12.07 0.09 0
J023507.38-040205.6 z0.738890 0.738890 0.000033 O I 13.83 0.24 −1
J023507.38-040205.6 z0.738890 0.738890 0.000033 O II 13.82 0.06 0
J023507.38-040205.6 z0.738890 0.738890 0.000033 O III 15.06 0.05 −2
J023507.38-040205.6 z0.738890 0.738890 0.000033 S III 13.21 0.04 0
J023507.38-040205.6 z0.738890 0.738890 0.000033 Si II 14.50 0.24 −1
J023507.38-040205.6 z0.7392 0.739200 0.000100 H I 16.72 0.03 0
J023507.38-040205.6 z0.7392 0.739200 0.000100 C II 13.35 0.08 0
J023507.38-040205.6 z0.7392 0.739200 0.000100 C III 14.11 0.10 −2
J023507.38-040205.6 z0.7392 0.739200 0.000100 O II 14.30 0.10 −1
J023507.38-040205.6 z0.7392 0.739200 0.000100 O III 14.83 0.10 −2
J023507.38-040205.6 z0.7392 0.739200 0.000100 Mg II 11.98 0.07 0
J023507.38-040205.6 z0.7392 0.739200 0.000100 S III 13.17 0.05 0
J035128.56-142908.0 z0.356924 0.356924 0.000030 H I 16.38 0.02 0
J035128.56-142908.0 z0.356924 0.356924 0.000030 C II 13.43 0.16 0
J035128.56-142908.0 z0.356924 0.356924 0.000030 Fe II 12.34 0.24 −1
J035128.56-142908.0 z0.356924 0.356924 0.000030 Mg II 11.77 0.13 0
J035128.56-142908.0 z0.356924 0.356924 0.000030 N I 13.31 0.24 −1
J035128.56-142908.0 z0.356924 0.356924 0.000030 N III 13.84 0.08 0
J035128.56-142908.0 z0.356924 0.356924 0.000030 O I 13.64 0.24 −1
J035128.56-142908.0 z0.356924 0.356924 0.000030 S II 14.24 0.24 −1
J035128.56-142908.0 z0.356924 0.356924 0.000030 S III 13.65 0.24 −1
J035128.56-142908.0 z0.356924 0.356924 0.000030 Si II 12.62 0.16 0
J035128.56-142908.0 z0.356924 0.356924 0.000030 Si III 13.38 0.04 0
J035128.56-142908.0 z0.357173 0.357173 0.000029 H I 16.55 0.10 0
J035128.56-142908.0 z0.357173 0.357173 0.000029 C II 13.85 0.05 −2
J035128.56-142908.0 z0.357173 0.357173 0.000029 Mg II 13.14 0.02 −2
J035128.56-142908.0 z0.357173 0.357173 0.000029 N I 13.29 0.24 −1
J035128.56-142908.0 z0.357173 0.357173 0.000029 O I 13.70 0.24 −1
J035128.56-142908.0 z0.357173 0.357173 0.000029 S II 14.22 0.24 −1
J035128.56-142908.0 z0.357173 0.357173 0.000029 Si II 12.95 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J035128.56-142908.0 z0.357173 0.357173 0.000029 Si III 12.98 0.06 0
J040748.42-121136.3 z0.167160 0.167160 0.000010 H I 16.45 0.05 0
J040748.42-121136.3 z0.167160 0.167160 0.000010 C II 14.32 0.05 −2
J040748.42-121136.3 z0.167160 0.167160 0.000010 C III 14.20 0.05 −2
J040748.42-121136.3 z0.167160 0.167160 0.000010 Si II 13.38 0.03 0
J040748.42-121136.3 z0.167160 0.167160 0.000010 Si IV 13.15 0.05 0
J044011.90-524818.0 z0.614962 0.614962 0.000034 H I 16.20 0.01 0
J044011.90-524818.0 z0.614962 0.614962 0.000034 C II 13.93 0.02 0
J044011.90-524818.0 z0.614962 0.614962 0.000034 C III 14.45 0.10 −2
J044011.90-524818.0 z0.614962 0.614962 0.000034 Mg II 12.67 0.02 0
J044011.90-524818.0 z0.614962 0.614962 0.000034 N III 14.54 0.03 0
J044011.90-524818.0 z0.614962 0.614962 0.000034 O I 13.99 0.24 −1
J044011.90-524818.0 z0.614962 0.614962 0.000034 O II 14.20 0.04 0
J044011.90-524818.0 z0.614962 0.614962 0.000034 O III 15.13 0.02 −2
J044011.90-524818.0 z0.614962 0.614962 0.000034 S III 13.62 0.06 0
J044117.31-431345.4 z0.440820 0.440820 0.000029 H I 16.31 0.01 0
J044117.31-431345.4 z0.440820 0.440820 0.000029 C III 14.27 0.03 −2
J044117.31-431345.4 z0.440820 0.440820 0.000029 Fe II 13.62 0.24 −2
J044117.31-431345.4 z0.440820 0.440820 0.000029 Mg II 13.35 0.09 −2
J044117.31-431345.4 z0.440820 0.440820 0.000029 O I 13.57 0.24 −1
J044117.31-431345.4 z0.440820 0.440820 0.000029 O II 14.57 0.03 0
J044117.31-431345.4 z0.440820 0.440820 0.000029 O III 14.18 0.04 0
J055224.49-640210.7 z0.345149 0.345149 0.000029 H I 17.02 0.03 0
J055224.49-640210.7 z0.345149 0.345149 0.000029 C III 12.93 0.03 0
J055224.49-640210.7 z0.345149 0.345149 0.000029 Fe II 12.70 0.24 −1
J055224.49-640210.7 z0.345149 0.345149 0.000029 Mg II 11.92 0.24 −1
J055224.49-640210.7 z0.345149 0.345149 0.000029 N I 12.95 0.24 −1
J055224.49-640210.7 z0.345149 0.345149 0.000029 N II 12.78 0.24 −1
J055224.49-640210.7 z0.345149 0.345149 0.000029 O I 13.16 0.24 −1
J055224.49-640210.7 z0.345149 0.345149 0.000029 S II 14.20 0.24 −1
J055224.49-640210.7 z0.345149 0.345149 0.000029 S III 13.18 0.24 −1
J055224.49-640210.7 z0.345149 0.345149 0.000029 Si II 11.85 0.24 −1
J055224.49-640210.7 z0.345149 0.345149 0.000029 Si III 12.14 0.09 0
J063546.49-751616.8 z0.468486 0.468486 0.000030 H I 16.48 0.07 0
J063546.49-751616.8 z0.468486 0.468486 0.000030 C II 13.84 0.03 0
J063546.49-751616.8 z0.468486 0.468486 0.000030 C III 13.98 0.01 −2
J063546.49-751616.8 z0.468486 0.468486 0.000030 Mg II 12.92 0.16 0
J063546.49-751616.8 z0.468486 0.468486 0.000030 N I 13.65 0.24 −1
J063546.49-751616.8 z0.468486 0.468486 0.000030 O I 13.70 0.14 −1
J063546.49-751616.8 z0.468486 0.468486 0.000030 O II 14.19 0.03 0
J063546.49-751616.8 z0.468486 0.468486 0.000030 S III 13.53 0.24 −1
J063546.49-751616.8 z0.468486 0.468486 0.000030 Si II 13.95 0.24 −1
J080003.90+421253.2 z0.598000 0.598000 0.001000 H I 16.95 0.20 0
J080003.90+421253.2 z0.598000 0.598000 0.001000 Mg II 11.75 0.30 0
J081002.69+502538.7 z0.650000 0.650000 0.001000 H I 16.82 0.15 0
J081002.69+502538.7 z0.650000 0.650000 0.001000 Mg II 11.75 0.24 −1
J084349.47+411741.6 z0.532565 0.532565 0.000100 H I 17.00 0.10 0
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J084349.47+411741.6 z0.532565 0.532565 0.000100 C II 13.75 0.24 −1
J084349.47+411741.6 z0.532565 0.532565 0.000100 Mg II 13.17 0.05 −2
J084349.47+411741.6 z0.532565 0.532565 0.000100 O III 14.76 0.20 −2
J084349.47+411741.6 z0.532565 0.532565 0.000100 Si II 14.82 0.24 −1
J084349.47+411741.6 z0.532565 0.532565 0.000100 S III 14.16 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 H I 16.90 0.15 0
J091029.75+101413.5 z0.419263 0.419263 0.000010 C II 13.68 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 C III 13.56 0.13 0
J091029.75+101413.5 z0.419263 0.419263 0.000010 Fe II 11.95 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 Mg II 11.48 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 O I 14.27 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 O II 14.15 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 O III 14.16 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 S II 14.65 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 S III 14.42 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 Si II 12.82 0.24 −1
J091029.75+101413.5 z0.419263 0.419263 0.000010 Si III 12.71 0.24 −1
J091431.77+083742.6 z0.507220 0.507220 0.000041 H I 16.70 0.03 0
J091431.77+083742.6 z0.507220 0.507220 0.000041 C II 13.35 0.24 −1
J091431.77+083742.6 z0.507220 0.507220 0.000041 N III 14.25 0.24 −1
J091431.77+083742.6 z0.507220 0.507220 0.000041 O I 14.94 0.24 −1
J091431.77+083742.6 z0.507220 0.507220 0.000041 O II 13.92 0.14 0
J091431.77+083742.6 z0.507220 0.507220 0.000041 O III 14.57 0.08 0
J093603.88+320709.3 z0.390435 0.390435 0.000053 H I 16.34 0.05 0
J093603.88+320709.3 z0.390435 0.390435 0.000053 C II 13.87 0.16 0
J093603.88+320709.3 z0.390435 0.390435 0.000053 C III 13.73 0.16 0
J093603.88+320709.3 z0.390435 0.390435 0.000053 Fe II 12.30 0.24 −1
J093603.88+320709.3 z0.390435 0.390435 0.000053 Mg II 12.85 0.17 0
J093603.88+320709.3 z0.390435 0.390435 0.000053 O I 14.26 0.24 −1
J093603.88+320709.3 z0.390435 0.390435 0.000053 O II 14.08 0.24 −1
J093603.88+320709.3 z0.390435 0.390435 0.000053 O III 14.63 0.44 0
J093603.88+320709.3 z0.390435 0.390435 0.000053 S III 14.34 0.24 −1
J093603.88+320709.3 z0.575283 0.575283 0.000100 H I 17.15 0.15 0
J093603.88+320709.3 z0.575283 0.575283 0.000100 Mg II 13.28 0.07 −2
J093603.88+320709.3 z0.575283 0.575283 0.000100 O I 15.74 0.24 −1
J093603.88+320709.3 z0.575283 0.575283 0.000100 O II 14.86 0.18 −2
J093603.88+320709.3 z0.575283 0.575283 0.000100 O III 14.65 0.10 −2
J093603.88+320709.3 z0.575283 0.575283 0.000100 S III 13.85 0.24 −1
J095045.71+302518.4 z0.587600 0.587600 0.000100 H I 16.95 0.15 0
J095045.71+302518.4 z0.587600 0.587600 0.000100 Mg II 13.35 0.05 −2
J095711.77+631010.0 z0.910000 0.910000 0.000100 H I 16.75 0.20 0
J095711.77+631010.0 z0.910000 0.910000 0.000100 Mg II 11.89 0.24 −1
J100102.64+594414.2 z0.416042 0.416042 0.000040 H I 16.52 0.02 0
J100102.64+594414.2 z0.416042 0.416042 0.000040 C II 14.07 0.04 0
J100102.64+594414.2 z0.416042 0.416042 0.000040 C III 14.54 0.01 −2
J100102.64+594414.2 z0.416042 0.416042 0.000040 Fe II 13.79 0.24 −1
J100102.64+594414.2 z0.416042 0.416042 0.000040 Fe III 14.03 0.24 −1
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J100102.64+594414.2 z0.416042 0.416042 0.000040 Mg II 15.80 0.24 −1
J100102.64+594414.2 z0.416042 0.416042 0.000040 N I 13.49 0.24 −1
J100102.64+594414.2 z0.416042 0.416042 0.000040 N II 13.56 0.16 0
J100102.64+594414.2 z0.416042 0.416042 0.000040 N III 14.21 0.05 0
J100102.64+594414.2 z0.416042 0.416042 0.000040 O I 13.91 0.24 −1
J100102.64+594414.2 z0.416042 0.416042 0.000040 S II 14.57 0.24 −1
J100102.64+594414.2 z0.416042 0.416042 0.000040 S III 14.09 0.24 −1
J100102.64+594414.2 z0.416042 0.416042 0.000040 Si II 12.83 0.24 −1
J100102.64+594414.2 z0.416042 0.416042 0.000040 Si III 13.78 0.02 −2
J100502.34+465927.3 z0.841300 0.841300 0.000100 H I 16.92 0.15 0
J100502.34+465927.3 z0.841300 0.841300 0.000100 Mg II 13.49 0.05 −2
J100535.25+013445.5 z0.418522 0.418522 0.000100 H I 16.89 0.04 0
J100535.25+013445.5 z0.418522 0.418522 0.000100 C II 13.53 0.11 0
J100535.25+013445.5 z0.418522 0.418522 0.000100 C III 13.57 0.04 −2
J100535.25+013445.5 z0.418522 0.418522 0.000100 Mg II 12.73 0.03 0
J100535.25+013445.5 z0.418522 0.418522 0.000100 O II 14.31 0.09 −2
J100535.25+013445.5 z0.418522 0.418522 0.000100 Si II 12.59 0.24 −1
J100535.25+013445.5 z0.418522 0.418522 0.000100 Si III 12.98 0.04 −2
J100535.25+013445.5 z0.418522 0.418522 0.000100 S II 14.60 0.24 −1
J100535.25+013445.5 z0.418522 0.418522 0.000100 S III 13.96 0.24 −1
J100535.25+013445.5 z0.836989 0.836989 0.000030 H I 16.52 0.02 0
J100535.25+013445.5 z0.836989 0.836989 0.000030 C II 12.97 0.24 −1
J100535.25+013445.5 z0.836989 0.836989 0.000030 C III 13.78 0.08 −2
J100535.25+013445.5 z0.836989 0.836989 0.000030 Fe II 11.89 0.24 −1
J100535.25+013445.5 z0.836989 0.836989 0.000030 Mg II 11.82 0.16 0
J100535.25+013445.5 z0.836989 0.836989 0.000030 O I 14.64 0.24 −1
J100535.25+013445.5 z0.836989 0.836989 0.000030 O II 13.42 0.16 0
J100535.25+013445.5 z0.836989 0.836989 0.000030 O III 14.31 0.03 0
J100535.25+013445.5 z0.836989 0.836989 0.000030 S III 12.82 0.24 −1
J100535.25+013445.5 z0.837390 0.837390 0.000031 H I 16.36 0.02 0
J100535.25+013445.5 z0.837390 0.837390 0.000031 C II 12.98 0.24 −1
J100535.25+013445.5 z0.837390 0.837390 0.000031 C III 13.77 0.11 −2
J100535.25+013445.5 z0.837390 0.837390 0.000031 Fe II 11.92 0.24 −1
J100535.25+013445.5 z0.837390 0.837390 0.000031 Mg II 11.68 0.24 −1
J100535.25+013445.5 z0.837390 0.837390 0.000031 O I 14.67 0.24 −1
J100535.25+013445.5 z0.837390 0.837390 0.000031 O II 13.21 0.24 −1
J100535.25+013445.5 z0.837390 0.837390 0.000031 O III 14.18 0.04 0
J100535.25+013445.5 z0.837390 0.837390 0.000031 O IV 14.00 0.11 0
J100535.25+013445.5 z0.837390 0.837390 0.000031 S III 12.82 0.24 −1
J100902.06+071343.8 z0.355352 0.355352 0.000031 H I 16.45 0.05 0
J100902.06+071343.8 z0.355352 0.355352 0.000031 C II 14.33 0.06 −2
J100902.06+071343.8 z0.355352 0.355352 0.000031 C III 14.24 0.01 −2
J100902.06+071343.8 z0.355352 0.355352 0.000031 Fe II 12.34 0.11 0
J100902.06+071343.8 z0.355352 0.355352 0.000031 Mg II 13.01 0.05 0
J100902.06+071343.8 z0.355352 0.355352 0.000031 N II 13.52 0.24 −1
J100902.06+071343.8 z0.355352 0.355352 0.000031 N III 14.17 0.12 0
J100902.06+071343.8 z0.355352 0.355352 0.000031 O I 13.83 0.24 −1
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J100902.06+071343.8 z0.355352 0.355352 0.000031 S II 14.52 0.24 −1
J100902.06+071343.8 z0.355352 0.355352 0.000031 S III 14.58 0.24 −1
J100902.06+071343.8 z0.355352 0.355352 0.000031 Si II 12.67 0.24 −1
J100902.06+071343.8 z0.355352 0.355352 0.000031 Si III 13.52 0.05 −2
J100906.35+023555.2 z0.488000 0.488000 0.001000 H I 16.90 0.15 0
J100906.35+023555.2 z0.488000 0.488000 0.001000 Mg II 12.37 0.17 0
J101622.60+470643.3 z0.727771 0.727771 0.000114 H I 16.26 0.09 0
J101622.60+470643.3 z0.727771 0.727771 0.000114 C II 13.33 0.24 −1
J101622.60+470643.3 z0.727771 0.727771 0.000114 C III 13.02 0.24 −1
J101622.60+470643.3 z0.727771 0.727771 0.000114 Fe II 11.91 0.24 −1
J101622.60+470643.3 z0.727771 0.727771 0.000114 Mg II 11.66 0.17 0
J101622.60+470643.3 z0.727771 0.727771 0.000114 N III 13.81 0.24 −1
J101622.60+470643.3 z0.727771 0.727771 0.000114 O I 14.26 0.24 −1
J101622.60+470643.3 z0.727771 0.727771 0.000114 O II 13.67 0.24 −1
J101622.60+470643.3 z0.727771 0.727771 0.000114 O IV 13.71 0.24 −1
J101622.60+470643.3 z0.727771 0.727771 0.000114 S III 12.84 0.24 −1
J102056.37+100332.7 z0.319411 0.319411 0.000010 H I 16.95 0.10 0
J102056.37+100332.7 z0.319411 0.319411 0.000010 C II 13.82 0.13 0
J102056.37+100332.7 z0.319411 0.319411 0.000010 N II 13.86 0.24 −1
J102056.37+100332.7 z0.464851 0.464851 0.000045 H I 16.48 0.06 0
J102056.37+100332.7 z0.464851 0.464851 0.000045 C II 13.12 0.24 −1
J102056.37+100332.7 z0.464851 0.464851 0.000045 C III 13.15 0.24 −1
J102056.37+100332.7 z0.464851 0.464851 0.000045 O I 15.28 0.24 −1
J102056.37+100332.7 z0.464851 0.464851 0.000045 O IV 14.07 0.24 −1
J102056.37+100332.7 z0.465364 0.465364 0.000031 H I 16.26 0.02 0
J102056.37+100332.7 z0.465364 0.465364 0.000031 C II 13.23 0.24 −1
J102056.37+100332.7 z0.465364 0.465364 0.000031 C III 13.26 0.24 −1
J102056.37+100332.7 z0.465364 0.465364 0.000031 O I 15.53 0.24 −1
J102056.37+100332.7 z0.465364 0.465364 0.000031 O II 13.90 0.24 −1
J102056.37+100332.7 z0.465364 0.465364 0.000031 O IV 14.16 0.24 −1
J104117.16+061016.9 z0.643108 0.643108 0.000032 H I 16.33 0.02 0
J104117.16+061016.9 z0.643108 0.643108 0.000032 C II 13.09 0.24 −1
J104117.16+061016.9 z0.643108 0.643108 0.000032 C III 13.93 0.04 −2
J104117.16+061016.9 z0.643108 0.643108 0.000032 Fe II 11.77 0.24 −1
J104117.16+061016.9 z0.643108 0.643108 0.000032 Mg II 11.25 0.24 −1
J104117.16+061016.9 z0.643108 0.643108 0.000032 N III 13.57 0.24 −1
J104117.16+061016.9 z0.643108 0.643108 0.000032 O I 14.72 0.24 −1
J104117.16+061016.9 z0.643108 0.643108 0.000032 S III 14.06 0.24 −1
J104117.16+061016.9 z0.655390 0.655390 0.000030 H I 16.24 0.02 0
J104117.16+061016.9 z0.655390 0.655390 0.000030 C III 13.40 0.08 0
J104117.16+061016.9 z0.655390 0.655390 0.000030 Fe II 12.44 0.04 0
J104117.16+061016.9 z0.655390 0.655390 0.000030 Mg II 12.35 0.02 0
J104117.16+061016.9 z0.655390 0.655390 0.000030 N III 13.44 0.24 −1
J104117.16+061016.9 z0.655390 0.655390 0.000030 O I 13.86 0.24 −1
J105956.14+121151.1 z0.565429 0.565429 0.000059 H I 16.71 0.03 0
J105956.14+121151.1 z0.565429 0.565429 0.000059 C II 13.25 0.24 −1
J105956.14+121151.1 z0.565429 0.565429 0.000059 N III 13.95 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J105956.14+121151.1 z0.565429 0.565429 0.000059 O I 15.59 0.24 −1
J111908.59+211918.0 z0.1385 0.138500 0.000029 H I 16.22 0.02 0
J111908.59+211918.0 z0.1385 0.138500 0.000029 C II 13.90 0.12 0
J111908.59+211918.0 z0.1385 0.138500 0.000029 Mg II 12.55 0.01 0
J111908.59+211918.0 z0.1385 0.138500 0.000029 O I 13.23 0.24 −1
J111908.59+211918.0 z0.1385 0.138500 0.000029 O II 14.34 0.10 0
J111908.59+211918.0 z0.1385 0.138500 0.000029 Si II 12.96 0.07 0
J111908.59+211918.0 z0.1385 0.138500 0.000029 Si III 13.30 0.55 0
J111908.59+211918.0 z0.1385 0.138500 0.000029 Si IV 12.83 0.14 0
J111908.59+211918.0 z0.1385 0.138500 0.000029 S II 13.49 0.24 −1
J111908.59+211918.0 z0.1385 0.138500 0.000029 Fe II 12.35 0.24 −1
J113457.71+255527.8 z0.432313 0.432313 0.000034 H I 16.34 0.01 0
J113457.71+255527.8 z0.432313 0.432313 0.000034 C II 13.86 0.09 0
J113457.71+255527.8 z0.432313 0.432313 0.000034 C III 14.17 0.02 −2
J113457.71+255527.8 z0.432313 0.432313 0.000034 N I 13.58 0.24 −1
J113457.71+255527.8 z0.432313 0.432313 0.000034 N II 13.51 0.24 −1
J113457.71+255527.8 z0.432313 0.432313 0.000034 O I 13.97 0.24 −1
J113457.71+255527.8 z0.432313 0.432313 0.000034 O II 14.03 0.12 0
J113457.71+255527.8 z0.432313 0.432313 0.000034 S III 13.86 0.24 −1
J113457.71+255527.8 z0.432313 0.432313 0.000034 Si II 12.94 0.24 −1
J113457.71+255527.8 z0.432313 0.432313 0.000034 Si III 13.35 0.08 −2
J113910.70-135044.0 z0.332950 0.332950 0.000100 H I 17.00 0.05 0
J113910.70-135044.0 z0.332950 0.332950 0.000100 C II 13.79 0.07 0
J113910.70-135044.0 z0.332950 0.332950 0.000100 Mg II 12.16 0.09 0
J113910.70-135044.0 z0.332950 0.332950 0.000100 N II 13.76 0.24 −1
J113910.70-135044.0 z0.332950 0.332950 0.000100 N III 13.84 0.08 0
J113910.70-135044.0 z0.332950 0.332950 0.000100 O I 13.76 0.24 −1
J113910.70-135044.0 z0.332950 0.332950 0.000100 Si II 13.94 0.24 −1
J113910.70-135044.0 z0.332950 0.332950 0.000100 S III 13.73 0.24 −1
J120858.01+454035.4 z0.9270 0.927000 0.001000 H I 16.99 0.06 0
J120858.01+454035.4 z0.9270 0.927000 0.001000 C II 14.63 0.05 −2
J120858.01+454035.4 z0.9270 0.927000 0.001000 Mg II 13.73 0.01 0
J120858.01+454035.4 z0.9270 0.927000 0.001000 Si II 13.83 0.06 0
J120858.01+454035.4 z0.9270 0.927000 0.001000 S III 14.10 0.02 0
J121920.93+063838.5 z0.282308 0.282308 0.000031 H I 16.34 0.01 0
J121920.93+063838.5 z0.282308 0.282308 0.000031 C II 13.11 0.24 −1
J121920.93+063838.5 z0.282308 0.282308 0.000031 C III 13.74 0.03 −2
J121920.93+063838.5 z0.282308 0.282308 0.000031 Mg II 15.48 0.24 −1
J121920.93+063838.5 z0.282308 0.282308 0.000031 N I 13.09 0.24 −1
J121920.93+063838.5 z0.282308 0.282308 0.000031 N II 13.06 0.24 −1
J121920.93+063838.5 z0.282308 0.282308 0.000031 N III 13.06 0.24 −1
J121920.93+063838.5 z0.282308 0.282308 0.000031 O I 13.57 0.24 −1
J121920.93+063838.5 z0.282308 0.282308 0.000031 S II 14.69 0.24 −1
J121920.93+063838.5 z0.282308 0.282308 0.000031 S III 13.65 0.24 −1
J121920.93+063838.5 z0.282308 0.282308 0.000031 Si II 12.08 0.14 0
J121920.93+063838.5 z0.282308 0.282308 0.000031 Si III 13.09 0.09 0
J121920.93+063838.5 z0.282308 0.282308 0.000031 Si IV 13.16 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J122317.79+092306.9 z0.455686 0.455686 0.000031 H I 16.31 0.02 0
J122317.79+092306.9 z0.455686 0.455686 0.000031 C II 13.03 0.24 −1
J122317.79+092306.9 z0.455686 0.455686 0.000031 C III 13.50 0.06 0
J122317.79+092306.9 z0.455686 0.455686 0.000031 N III 13.82 0.24 −1
J122317.79+092306.9 z0.455686 0.455686 0.000031 O I 14.11 0.24 −1
J122454.44+212246.3 z0.421357 0.421357 0.000029 H I 16.78 0.03 0
J122454.44+212246.3 z0.421357 0.421357 0.000029 C II 13.88 0.03 0
J122454.44+212246.3 z0.421357 0.421357 0.000029 C III 14.09 0.03 −2
J122454.44+212246.3 z0.421357 0.421357 0.000029 N I 13.10 0.24 −1
J122454.44+212246.3 z0.421357 0.421357 0.000029 N II 13.33 0.12 0
J122454.44+212246.3 z0.421357 0.421357 0.000029 O I 14.12 0.24 −1
J122454.44+212246.3 z0.421357 0.421357 0.000029 O II 14.37 0.04 0
J122454.44+212246.3 z0.421357 0.421357 0.000029 S II 14.49 0.24 −1
J122454.44+212246.3 z0.421357 0.421357 0.000029 S III 13.70 0.24 −1
J122454.44+212246.3 z0.421357 0.421357 0.000029 Si II 12.76 0.24 −1
J122454.44+212246.3 z0.421357 0.421357 0.000029 Si III 13.49 0.02 −2
J124511.26+335610.1 z0.556684 0.556684 0.000031 H I 16.54 0.03 0
J124511.26+335610.1 z0.556684 0.556684 0.000031 C II 13.65 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 C III 13.26 0.11 0
J124511.26+335610.1 z0.556684 0.556684 0.000031 Fe II 11.75 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 Fe III 13.89 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 Mg II 11.37 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 N I 14.11 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 N III 13.60 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 O I 14.01 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 O II 13.81 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 O IV 13.66 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 S III 13.89 0.24 −1
J124511.26+335610.1 z0.556684 0.556684 0.000031 Si II 14.44 0.24 −1
J124511.26+335610.1 z0.689370 0.689370 0.000100 H I 16.91 0.06 0
J124511.26+335610.1 z0.689370 0.689370 0.000100 C II 14.02 0.14 0
J124511.26+335610.1 z0.689370 0.689370 0.000100 C III 14.49 0.01 −2
J124511.26+335610.1 z0.689370 0.689370 0.000100 Mg II 12.66 0.02 0
J124511.26+335610.1 z0.689370 0.689370 0.000100 O I 14.87 0.24 −1
J124511.26+335610.1 z0.689370 0.689370 0.000100 O II 14.43 0.12 0
J124511.26+335610.1 z0.689370 0.689370 0.000100 O III 15.27 0.03 −2
J124511.26+335610.1 z0.689370 0.689370 0.000100 Si II 14.58 0.24 −1
J124511.26+335610.1 z0.689370 0.689370 0.000100 S III 13.69 0.09 0
J124511.26+335610.1 z0.712976 0.712976 0.000032 H I 16.48 0.02 0
J124511.26+335610.1 z0.712976 0.712976 0.000032 C II 13.80 0.24 −1
J124511.26+335610.1 z0.712976 0.712976 0.000032 Fe II 11.69 0.24 −1
J124511.26+335610.1 z0.712976 0.712976 0.000032 Mg II 11.37 0.16 0
J124511.26+335610.1 z0.712976 0.712976 0.000032 N III 13.56 0.24 −1
J124511.26+335610.1 z0.712976 0.712976 0.000032 O III 14.35 0.08 0
J124511.26+335610.1 z0.712976 0.712976 0.000032 S III 12.64 0.24 −1
J130100.86+281944.7 z0.436777 0.436777 0.000100 H I 17.05 0.15 0
J130100.86+281944.7 z0.436777 0.436777 0.000100 C III 14.44 0.01 −2
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J130100.86+281944.7 z0.436777 0.436777 0.000100 Mg II 13.12 0.04 −2
J130100.86+281944.7 z0.436777 0.436777 0.000100 N III 14.10 0.05 0
J130100.86+281944.7 z0.436777 0.436777 0.000100 O I 13.77 0.24 −1
J130100.86+281944.7 z0.436777 0.436777 0.000100 O II 14.61 0.03 −2
J130532.99-103319.0 z0.09487 0.094870 0.000030 H I 17.06 0.12 0
J130532.99-103319.0 z0.09487 0.094870 0.000030 C II 13.53 0.05 0
J130532.99-103319.0 z0.09487 0.094870 0.000030 C III 13.86 0.06 −2
J130532.99-103319.0 z0.09487 0.094870 0.000030 Mg II 15.25 0.24 −1
J130532.99-103319.0 z0.09487 0.094870 0.000030 N I 13.13 0.24 −1
J130532.99-103319.0 z0.09487 0.094870 0.000030 N II 13.12 0.24 −1
J130532.99-103319.0 z0.09487 0.094870 0.000030 O I 13.39 0.24 −1
J130532.99-103319.0 z0.09487 0.094870 0.000030 S II 13.84 0.24 −1
J130532.99-103319.0 z0.09487 0.094870 0.000030 S III 14.03 0.24 −1
J130532.99-103319.0 z0.09487 0.094870 0.000030 Si II 12.49 0.07 0
J130532.99-103319.0 z0.09487 0.094870 0.000030 Si III 13.00 0.02 0
J130532.99-103319.0 z0.09487 0.094870 0.000030 Si IV 12.37 0.24 −1
J130631.62+435100.3 z0.668600 0.668600 0.000100 H I 16.85 0.10 0
J130631.62+435100.3 z0.668600 0.668600 0.000100 Mg II 13.09 0.06 −2
J132503.81+271718.7 z0.384634 0.384634 0.000032 H I 16.83 0.03 0
J132503.81+271718.7 z0.384634 0.384634 0.000032 C II 13.78 0.19 0
J132503.81+271718.7 z0.384634 0.384634 0.000032 C III 14.05 0.04 −2
J132503.81+271718.7 z0.384634 0.384634 0.000032 N III 13.69 0.24 −1
J132503.81+271718.7 z0.384634 0.384634 0.000032 O I 14.15 0.24 −1
J132503.81+271718.7 z0.384634 0.384634 0.000032 O II 14.17 0.24 −1
J132503.81+271718.7 z0.384634 0.384634 0.000032 S III 14.13 0.24 −1
J132503.81+271718.7 z0.433434 0.433434 0.000045 H I 16.43 0.05 0
J132503.81+271718.7 z0.433434 0.433434 0.000045 C II 13.43 0.24 −1
J132503.81+271718.7 z0.433434 0.433434 0.000045 C III 12.95 0.24 −1
J132503.81+271718.7 z0.433434 0.433434 0.000045 N III 13.75 0.24 −1
J132503.81+271718.7 z0.433434 0.433434 0.000045 O II 13.89 0.24 −1
J132503.81+271718.7 z0.433434 0.433434 0.000045 O III 14.02 0.24 −1
J132503.81+271718.7 z0.433434 0.433434 0.000045 S III 14.41 0.24 −1
J134100.78+412314.0 z0.348827 0.348827 0.000031 H I 16.34 0.01 0
J134100.78+412314.0 z0.348827 0.348827 0.000031 C II 13.86 0.05 0
J134100.78+412314.0 z0.348827 0.348827 0.000031 C III 14.19 0.05 −2
J134100.78+412314.0 z0.348827 0.348827 0.000031 Mg II 12.49 0.02 0
J134100.78+412314.0 z0.348827 0.348827 0.000031 N I 13.41 0.24 −1
J134100.78+412314.0 z0.348827 0.348827 0.000031 N II 13.16 0.24 −1
J134100.78+412314.0 z0.348827 0.348827 0.000031 O I 13.60 0.24 −1
J134100.78+412314.0 z0.348827 0.348827 0.000031 S II 14.15 0.24 −1
J134100.78+412314.0 z0.348827 0.348827 0.000031 Si II 12.51 0.14 0
J134100.78+412314.0 z0.348827 0.348827 0.000031 Si III 13.20 0.04 0
J134100.78+412314.0 z0.686086 0.686086 0.000031 H I 16.50 0.02 0
J134100.78+412314.0 z0.686086 0.686086 0.000031 C II 14.25 0.05 0
J134100.78+412314.0 z0.686086 0.686086 0.000031 Mg II 12.97 0.02 0
J134100.78+412314.0 z0.686086 0.686086 0.000031 O I 14.58 0.24 −1
J134100.78+412314.0 z0.686086 0.686086 0.000031 O II 14.31 0.04 0
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J134100.78+412314.0 z0.686086 0.686086 0.000031 S III 13.54 0.04 0
J134100.78+412314.0 z0.686086 0.686086 0.000031 Si II 14.24 0.24 −1
J135559.88+260038.9 z0.485200 0.485200 0.000100 H I 16.70 0.15 0
J135559.88+260038.9 z0.485200 0.485200 0.000100 Mg II 12.19 0.29 0
J135559.88+260038.9 z0.536000 0.536000 0.000100 H I 16.75 0.10 0
J135559.88+260038.9 z0.536000 0.536000 0.000100 Mg II 13.12 0.04 −2
J140923.90+261820.9 z0.682684 0.682684 0.000029 H I 16.41 0.01 0
J140923.90+261820.9 z0.682684 0.682684 0.000029 C II 12.59 0.24 −1
J140923.90+261820.9 z0.682684 0.682684 0.000029 C III 13.93 0.01 0
J140923.90+261820.9 z0.682684 0.682684 0.000029 Mg II 11.11 0.24 −1
J140923.90+261820.9 z0.682684 0.682684 0.000029 O I 13.52 0.24 −1
J140923.90+261820.9 z0.682684 0.682684 0.000029 O II 12.96 0.24 −1
J140923.90+261820.9 z0.682684 0.682684 0.000029 O III 14.64 0.01 0
J140923.90+261820.9 z0.682684 0.682684 0.000029 O IV 14.86 0.01 0
J140923.90+261820.9 z0.682684 0.682684 0.000029 S III 13.07 0.04 0
J140923.90+261820.9 z0.682684 0.682684 0.000029 Si II 15.18 0.24 −1
J141038.39+230447.1 z0.535079 0.535079 0.000037 H I 16.47 0.02 0
J141038.39+230447.1 z0.535079 0.535079 0.000037 C II 13.14 0.24 −1
J141038.39+230447.1 z0.535079 0.535079 0.000037 C III 13.82 0.03 −2
J141038.39+230447.1 z0.535079 0.535079 0.000037 N I 13.98 0.24 −1
J141038.39+230447.1 z0.535079 0.535079 0.000037 N II 13.52 0.24 −1
J141038.39+230447.1 z0.535079 0.535079 0.000037 O I 13.74 0.24 −1
J141038.39+230447.1 z0.535079 0.535079 0.000037 O II 13.70 0.24 −1
J141038.39+230447.1 z0.535079 0.535079 0.000037 O III 14.38 0.05 0
J141038.39+230447.1 z0.535079 0.535079 0.000037 S III 13.78 0.24 −1
J141910.20+420746.9 z0.288976 0.288976 0.000043 H I 16.35 0.05 0
J141910.20+420746.9 z0.288976 0.288976 0.000043 C II 14.01 0.06 0
J141910.20+420746.9 z0.288976 0.288976 0.000043 C III 14.06 0.02 −2
J141910.20+420746.9 z0.288976 0.288976 0.000043 Mg II 12.58 0.03 0
J141910.20+420746.9 z0.288976 0.288976 0.000043 N I 13.59 0.24 −1
J141910.20+420746.9 z0.288976 0.288976 0.000043 N II 13.68 0.24 −1
J141910.20+420746.9 z0.288976 0.288976 0.000043 N III 14.25 0.16 −2
J141910.20+420746.9 z0.288976 0.288976 0.000043 O I 14.20 0.24 −1
J141910.20+420746.9 z0.288976 0.288976 0.000043 S II 14.86 0.24 −1
J141910.20+420746.9 z0.288976 0.288976 0.000043 S III 14.27 0.24 −1
J141910.20+420746.9 z0.288976 0.288976 0.000043 Si II 12.98 0.24 −1
J141910.20+420746.9 z0.288976 0.288976 0.000043 Si III 13.37 0.05 −2
J142107.56+253821.0 z0.641450 0.641450 0.000010 H I 17.00 0.05 0
J142107.56+253821.0 z0.641450 0.641450 0.000010 C II 13.84 0.24 −1
J142107.56+253821.0 z0.641450 0.641450 0.000010 C III 14.15 0.04 −2
J142107.56+253821.0 z0.641450 0.641450 0.000010 Fe II 11.55 0.24 −1
J142107.56+253821.0 z0.641450 0.641450 0.000010 Mg II 11.39 0.14 0
J142107.56+253821.0 z0.641450 0.641450 0.000010 O I 14.22 0.24 −1
J142107.56+253821.0 z0.641450 0.641450 0.000010 S III 14.30 0.24 −1
J142107.56+253821.0 z0.641450 0.641450 0.000010 Si II 14.71 0.24 −1
J142735.59+263214.6 z0.366054 0.366054 0.000062 H I 16.55 0.03 0
J142735.59+263214.6 z0.366054 0.366054 0.000062 C II 13.61 0.24 −1
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J142735.59+263214.6 z0.366054 0.366054 0.000062 N III 13.73 0.24 −1
J142735.59+263214.6 z0.366054 0.366054 0.000062 O I 14.16 0.24 −1
J142735.59+263214.6 z0.366054 0.366054 0.000062 S III 14.15 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 H I 16.68 0.05 0
J143511.53+360437.2 z0.372981 0.372981 0.000033 C III 13.22 0.11 0
J143511.53+360437.2 z0.372981 0.372981 0.000033 Mg II 11.54 0.12 0
J143511.53+360437.2 z0.372981 0.372981 0.000033 N I 13.63 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 N II 13.55 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 N III 13.56 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 O I 13.97 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 O II 14.06 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 O III 14.18 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 S II 14.28 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 S III 14.06 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 Si II 12.44 0.24 −1
J143511.53+360437.2 z0.372981 0.372981 0.000033 Si III 12.53 0.24 −1
J150030.64+551708.8 z0.347272 0.347272 0.000031 H I 16.58 0.01 0
J150030.64+551708.8 z0.347272 0.347272 0.000031 C II 13.33 0.24 −1
J150030.64+551708.8 z0.347272 0.347272 0.000031 C III 13.34 0.05 0
J150030.64+551708.8 z0.347272 0.347272 0.000031 N II 13.77 0.24 −1
J150030.64+551708.8 z0.347272 0.347272 0.000031 O I 13.80 0.24 −1
J150030.64+551708.8 z0.347272 0.347272 0.000031 S III 13.76 0.24 −1
J150031.80+483646.8 z0.898000 0.898000 0.001000 H I 17.15 0.15 0
J150031.80+483646.8 z0.898000 0.898000 0.001000 Mg II 11.44 0.24 −1
J151907.61+440424.4 z0.604200 0.604200 0.000100 H I 17.05 0.10 0
J151907.61+440424.4 z0.604200 0.604200 0.000100 Mg II 13.36 0.18 −2
J152424.58+095829.7 z0.5185 0.518500 0.000031 H I 16.22 0.02 0
J152424.58+095829.7 z0.5185 0.518500 0.000031 C II 13.26 0.05 0
J152424.58+095829.7 z0.5185 0.518500 0.000031 C III 12.98 0.04 0
J152424.58+095829.7 z0.5185 0.518500 0.000031 Mg II 12.26 0.02 0
J152424.58+095829.7 z0.5185 0.518500 0.000031 N I 13.71 0.24 −1
J152424.58+095829.7 z0.5185 0.518500 0.000031 N II 13.22 0.24 −1
J152424.58+095829.7 z0.5185 0.518500 0.000031 O I 13.56 0.24 −1
J152424.58+095829.7 z0.5185 0.518500 0.000031 O II 14.14 0.02 0
J152424.58+095829.7 z0.5185 0.518500 0.000031 S III 13.58 0.24 −1
J152424.58+095829.7 z0.728885 0.728885 0.000029 H I 16.63 0.05 0
J152424.58+095829.7 z0.728885 0.728885 0.000029 C II 12.74 0.24 −1
J152424.58+095829.7 z0.728885 0.728885 0.000029 C III 13.35 0.04 0
J152424.58+095829.7 z0.728885 0.728885 0.000029 Mg II 11.12 0.24 −1
J152424.58+095829.7 z0.728885 0.728885 0.000029 N III 13.22 0.24 −1
J152424.58+095829.7 z0.728885 0.728885 0.000029 O I 13.63 0.24 −1
J152424.58+095829.7 z0.728885 0.728885 0.000029 O II 13.17 0.24 −1
J152424.58+095829.7 z0.728885 0.728885 0.000029 O III 13.92 0.05 0
J152424.58+095829.7 z0.728885 0.728885 0.000029 O IV 14.56 0.02 0
J152424.58+095829.7 z0.728885 0.728885 0.000029 S III 12.50 0.24 −1
J152424.58+095829.7 z0.728885 0.728885 0.000029 Si II 14.05 0.24 −1
J153602.46+393207.0 z0.454000 0.454000 0.001000 H I 16.65 0.20 0
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J153602.46+393207.0 z0.454000 0.454000 0.001000 Mg II 11.49 0.24 −1
J154121.48+281706.2 z0.282454 0.282454 0.000036 H I 16.55 0.02 0
J154121.48+281706.2 z0.282454 0.282454 0.000036 C II 13.67 0.24 −1
J154121.48+281706.2 z0.282454 0.282454 0.000036 N I 14.34 0.24 −1
J154121.48+281706.2 z0.282454 0.282454 0.000036 N II 13.69 0.24 −1
J154121.48+281706.2 z0.282454 0.282454 0.000036 N III 13.57 0.24 −1
J154121.48+281706.2 z0.282454 0.282454 0.000036 O I 13.99 0.24 −1
J155048.29+400144.9 z0.312618 0.312618 0.000044 H I 16.69 0.02 0
J155048.29+400144.9 z0.312618 0.312618 0.000044 C II 14.09 0.07 0
J155048.29+400144.9 z0.312618 0.312618 0.000044 C III 14.46 0.03 −2
J155048.29+400144.9 z0.312618 0.312618 0.000044 Fe II 12.07 0.24 −1
J155048.29+400144.9 z0.312618 0.312618 0.000044 Mg II 12.62 0.02 0
J155048.29+400144.9 z0.312618 0.312618 0.000044 N I 14.03 0.24 −1
J155048.29+400144.9 z0.312618 0.312618 0.000044 N II 13.65 0.24 −1
J155048.29+400144.9 z0.312618 0.312618 0.000044 N III 13.83 0.24 −1
J155048.29+400144.9 z0.312618 0.312618 0.000044 O I 14.26 0.24 −1
J155048.29+400144.9 z0.312618 0.312618 0.000044 S II 14.65 0.24 −1
J155048.29+400144.9 z0.312618 0.312618 0.000044 S III 14.13 0.24 −1
J155048.29+400144.9 z0.312618 0.312618 0.000044 Si II 12.80 0.24 −1
J155048.29+400144.9 z0.312618 0.312618 0.000044 Si III 13.39 0.06 0
J155048.29+400144.9 z0.491977 0.491977 0.000032 H I 16.53 0.02 0
J155048.29+400144.9 z0.491977 0.491977 0.000032 C II 14.06 0.05 0
J155048.29+400144.9 z0.491977 0.491977 0.000032 C III 14.18 0.02 −2
J155048.29+400144.9 z0.491977 0.491977 0.000032 Fe II 12.32 0.09 0
J155048.29+400144.9 z0.491977 0.491977 0.000032 Mg II 13.02 0.01 0
J155048.29+400144.9 z0.491977 0.491977 0.000032 N I 13.88 0.24 −1
J155048.29+400144.9 z0.491977 0.491977 0.000032 N II 13.98 0.24 −1
J155048.29+400144.9 z0.491977 0.491977 0.000032 N III 13.83 0.14 0
J155048.29+400144.9 z0.491977 0.491977 0.000032 O II 14.48 0.06 0
J155048.29+400144.9 z0.491977 0.491977 0.000032 S III 14.06 0.24 −1
J155048.29+400144.9 z0.491977 0.491977 0.000032 Si II 13.26 0.24 −1
J155232.54+570516.5 z0.366020 0.366020 0.000035 H I 16.28 0.02 0
J155232.54+570516.5 z0.366020 0.366020 0.000035 C II 13.54 0.24 −1
J155232.54+570516.5 z0.366020 0.366020 0.000035 O I 14.10 0.24 −1
J155232.54+570516.5 z0.366020 0.366020 0.000035 O II 14.09 0.24 −1
J155232.54+570516.5 z0.366020 0.366020 0.000035 S III 14.13 0.24 −1
J155232.54+570516.5 z0.366020 0.366020 0.000035 Si II 14.47 0.24 −1
J161916.54+334238.4 z0.2694 0.269400 0.000034 H I 16.59 0.03 0
J161916.54+334238.4 z0.2694 0.269400 0.000034 C II 13.32 0.24 −1
J161916.54+334238.4 z0.2694 0.269400 0.000034 C III 13.62 0.03 0
J161916.54+334238.4 z0.2694 0.269400 0.000034 Mg II 11.50 0.24 −1
J161916.54+334238.4 z0.2694 0.269400 0.000034 N I 13.07 0.24 −1
J161916.54+334238.4 z0.2694 0.269400 0.000034 N III 13.29 0.24 −1
J161916.54+334238.4 z0.2694 0.269400 0.000034 O I 13.70 0.24 −1
J161916.54+334238.4 z0.2694 0.269400 0.000034 S II 14.29 0.24 −1
J161916.54+334238.4 z0.2694 0.269400 0.000034 S III 13.93 0.24 −1
J161916.54+334238.4 z0.2694 0.269400 0.000034 Si II 12.40 0.24 −1
Table A1 continued
CCC. III: Metallicity and Physical Properties of the Cool z . 1 CGM 97
Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J161916.54+334238.4 z0.2694 0.269400 0.000034 Si III 12.93 0.03 0
J161916.54+334238.4 z0.2694 0.269400 0.000034 Si IV 12.55 0.24 −1
J161916.54+334238.4 z0.4708 0.470800 0.000032 H I 16.64 0.02 0
J161916.54+334238.4 z0.4708 0.470800 0.000032 Fe II 11.61 0.24 −1
J161916.54+334238.4 z0.4708 0.470800 0.000032 Mg II 12.16 0.02 0
J161916.54+334238.4 z0.4708 0.470800 0.000032 N I 13.89 0.24 −1
J161916.54+334238.4 z0.4708 0.470800 0.000032 N II 13.57 0.24 −1
J161916.54+334238.4 z0.4708 0.470800 0.000032 O I 13.62 0.24 −1
J161916.54+334238.4 z0.4708 0.470800 0.000032 O II 14.05 0.05 0
J163156.13+435943.5 z0.519600 0.519600 0.000100 H I 16.75 0.10 0
J163156.13+435943.5 z0.519600 0.519600 0.000100 Mg II 12.81 0.05 −2
J163201.12+373749.9 z0.273950 0.273950 0.000029 H I 16.97 0.03 0
J163201.12+373749.9 z0.273950 0.273950 0.000029 C II 13.68 0.08 0
J163201.12+373749.9 z0.273950 0.273950 0.000029 C III 13.87 0.01 −2
J163201.12+373749.9 z0.273950 0.273950 0.000029 Mg II 12.16 0.02 0
J163201.12+373749.9 z0.273950 0.273950 0.000029 N I 12.94 0.24 −1
J163201.12+373749.9 z0.273950 0.273950 0.000029 O I 13.51 0.24 −1
J163201.12+373749.9 z0.273950 0.273950 0.000029 S II 14.36 0.24 −1
J163201.12+373749.9 z0.273950 0.273950 0.000029 S III 13.23 0.24 −1
J163201.12+373749.9 z0.273950 0.273950 0.000029 Si II 12.21 0.24 −1
J163201.12+373749.9 z0.273950 0.273950 0.000029 Si III 13.09 0.02 −2
J163201.12+373749.9 z0.273950 0.273950 0.000029 Si IV 12.73 0.24 −1
J171654.19+302701.4 z0.399500 0.399500 0.000100 H I 16.90 0.20 0
J171654.19+302701.4 z0.399500 0.399500 0.000100 Mg II 11.94 0.09 0
J171654.19+302701.4 z0.710300 0.710300 0.000100 H I 16.40 0.25 0
J171654.19+302701.4 z0.710300 0.710300 0.000100 Mg II 11.43 0.24 −1
J171654.19+302701.4 z0.756000 0.756000 0.001000 H I 16.50 0.20 0
J171654.19+302701.4 z0.756000 0.756000 0.001000 Mg II 11.38 0.24 −1
J215647.46+224249.8 z0.621016 0.621016 0.000034 H I 16.24 0.02 0
J215647.46+224249.8 z0.621016 0.621016 0.000034 C II 13.23 0.24 −1
J215647.46+224249.8 z0.621016 0.621016 0.000034 C III 13.28 0.14 0
J215647.46+224249.8 z0.621016 0.621016 0.000034 Fe II 11.34 0.24 −1
J215647.46+224249.8 z0.621016 0.621016 0.000034 Mg II 11.07 0.14 0
J215647.46+224249.8 z0.621016 0.621016 0.000034 N II 13.65 0.24 −1
J215647.46+224249.8 z0.621016 0.621016 0.000034 N III 13.73 0.24 −1
J215647.46+224249.8 z0.621016 0.621016 0.000034 O I 14.75 0.24 −1
J225350.09+140210.2 z0.327000 0.327000 0.001000 H I 16.75 0.20 0
J225350.09+140210.2 z0.327000 0.327000 0.001000 Mg II 11.96 0.28 0
J225350.09+140210.2 z0.573700 0.573700 0.000100 H I 16.75 0.15 0
J225350.09+140210.2 z0.573700 0.573700 0.000100 Mg II 13.28 0.07 −2
J225541.64+145715.9 z0.446000 0.446000 0.001000 H I 16.60 0.30 0
J225541.64+145715.9 z0.446000 0.446000 0.001000 Mg II 11.70 0.24 −1
J225541.64+145715.9 z0.805100 0.805100 0.000100 H I 16.85 0.10 0
J225541.64+145715.9 z0.805100 0.805100 0.000100 Mg II 13.11 0.06 −2
J230222.41-550827.1 z0.586710 0.586710 0.000036 H I 16.55 0.02 0
J230222.41-550827.1 z0.586710 0.586710 0.000036 C II 13.10 0.24 −1
J230222.41-550827.1 z0.586710 0.586710 0.000036 Fe II 12.17 0.24 −1
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J230222.41-550827.1 z0.586710 0.586710 0.000036 Mg II 11.93 0.20 0
J230222.41-550827.1 z0.586710 0.586710 0.000036 O II 13.61 0.17 0
J230222.41-550827.1 z0.586710 0.586710 0.000036 S III 13.13 0.24 −1
LLSs
J020930.74-043826.2 z0.390472 0.390472 0.000100 H I 18.99 0.02 0
J020930.74-043826.2 z0.390472 0.390472 0.000100 C II 14.84 0.03 −2
J020930.74-043826.2 z0.390472 0.390472 0.000100 C III 14.55 0.20 −2
J020930.74-043826.2 z0.390472 0.390472 0.000100 Mg II 15.68 0.24 −1
J020930.74-043826.2 z0.390472 0.390472 0.000100 O I 14.76 0.24 −1
J020930.74-043826.2 z0.390472 0.390472 0.000100 Si II 14.09 0.03 0
J020930.74-043826.2 z0.390472 0.390472 0.000100 S II 14.28 0.24 −1
J020930.74-043826.2 z0.390472 0.390472 0.000100 S III 14.12 0.12 −3
J031155.23-765150.8 z0.2026 0.202600 0.000500 H I 18.22 0.20 0
J031155.23-765150.8 z0.2026 0.202600 0.000500 C II 14.65 0.05 −2
J031155.23-765150.8 z0.2026 0.202600 0.000500 C III 13.48 0.05 −2
J031155.23-765150.8 z0.2026 0.202600 0.000500 Fe II 13.90 0.30 0
J031155.23-765150.8 z0.2026 0.202600 0.000500 Fe III 14.51 0.05 −2
J031155.23-765150.8 z0.2026 0.202600 0.000500 O I 14.17 0.22 0
J031155.23-765150.8 z0.2026 0.202600 0.000500 Si II 14.45 0.05 −2
J031155.23-765150.8 z0.2026 0.202600 0.000500 Si III 13.55 0.05 −2
J031155.23-765150.8 z0.2026 0.202600 0.000500 S III 14.58 0.06 0
J080424.96+274323.1 z0.910600 0.910600 0.000100 H I 17.45 0.10 0
J080424.96+274323.1 z0.910600 0.910600 0.000100 Mg II 12.27 0.08 0
J080630.30+144242.4 z0.923800 0.923800 0.000100 H I 17.20 0.20 0
J080630.30+144242.4 z0.923800 0.923800 0.000100 Mg II 12.57 0.09 0
J080630.30+144242.4 z1.094300 1.094300 0.000100 H I 17.40 0.20 0
J080630.30+144242.4 z1.094300 1.094300 0.000100 Mg II 13.51 0.05 −2
J081007.63+542443.7 z0.857000 0.857000 0.000100 H I 17.50 0.15 0
J081007.63+542443.7 z0.857000 0.857000 0.000100 Mg II 13.55 0.05 −2
J094930.30-051453.9 z0.635183 0.635183 0.000010 H I 17.40 0.05 0
J094930.30-051453.9 z0.635183 0.635183 0.000010 Fe II 13.59 0.01 0
J094930.30-051453.9 z0.635183 0.635183 0.000010 Mg II 13.76 0.02 0
J094930.30-051453.9 z0.635183 0.635183 0.000010 N II 14.20 0.24 −1
J094930.30-051453.9 z0.635183 0.635183 0.000010 O I 14.36 0.24 −1
J094930.30-051453.9 z0.635183 0.635183 0.000010 S III 14.52 0.24 −1
J094930.30-051453.9 z0.749827 0.749827 0.000100 H I 17.35 0.05 0
J094930.30-051453.9 z0.749827 0.749827 0.000100 C III 14.50 0.04 −2
J094930.30-051453.9 z0.749827 0.749827 0.000100 Mg II 12.98 0.03 0
J094930.30-051453.9 z0.749827 0.749827 0.000100 N III 14.08 0.24 −1
J094930.30-051453.9 z0.749827 0.749827 0.000100 S III 14.66 0.24 −1
J095045.71+302518.4 z0.573900 0.573900 0.000100 H I 17.50 0.15 0
J095045.71+302518.4 z0.573900 0.573900 0.000100 Mg II 13.24 0.10 −2
J095123.92+354248.8 z0.337786 0.337786 0.000100 H I 17.65 0.05 0
J095123.92+354248.8 z0.337786 0.337786 0.000100 C II 14.64 0.06 0
J095123.92+354248.8 z0.337786 0.337786 0.000100 C III 14.60 0.01 −2
J095123.92+354248.8 z0.337786 0.337786 0.000100 Mg II 13.36 0.03 −2
J095123.92+354248.8 z0.337786 0.337786 0.000100 N II 14.17 0.07 0
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ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J095123.92+354248.8 z0.337786 0.337786 0.000100 N III 14.33 0.11 0
J095123.92+354248.8 z0.337786 0.337786 0.000100 O I 14.23 0.24 −1
J095123.92+354248.8 z0.337786 0.337786 0.000100 Si II 14.47 0.24 −1
J095123.92+354248.8 z0.337786 0.337786 0.000100 S III 14.07 0.24 −1
J095711.77+631010.0 z0.730300 0.730300 0.000100 H I 17.90 0.10 0
J095711.77+631010.0 z0.730300 0.730300 0.000100 Mg II 12.61 0.06 0
J100902.06+071343.8 z0.355967 0.355967 0.000100 H I 18.68 0.18 0
J100902.06+071343.8 z0.355967 0.355967 0.000100 C II 15.07 0.02 −2
J100902.06+071343.8 z0.355967 0.355967 0.000100 C III 14.66 0.01 −2
J100902.06+071343.8 z0.355967 0.355967 0.000100 Mg II 14.16 0.01 −2
J100902.06+071343.8 z0.355967 0.355967 0.000100 N III 14.96 0.03 −2
J100902.06+071343.8 z0.355967 0.355967 0.000100 O I 14.43 0.16 0
J100902.06+071343.8 z0.355967 0.355967 0.000100 Si II 14.42 0.08 0
J100902.06+071343.8 z0.355967 0.355967 0.000100 Si III 14.07 0.02 −2
J100902.06+071343.8 z0.355967 0.355967 0.000100 S II 14.75 0.24 −1
J100902.06+071343.8 z0.355967 0.355967 0.000100 S IV 14.35 0.24 −1
J100906.35+023555.2 z1.087500 1.087500 0.000100 H I 17.50 0.10 0
J100906.35+023555.2 z1.087500 1.087500 0.000100 Mg II 12.94 0.19 0
J101557.05+010913.6 z0.588000 0.588000 0.000100 H I 17.50 0.05 0
J101557.05+010913.6 z0.588000 0.588000 0.000100 Mg II 13.20 0.09 −2
J101622.60+470643.3 z0.252326 0.252326 0.000100 H I 17.25 0.10 0
J101622.60+470643.3 z0.252326 0.252326 0.000100 C II 14.69 0.03 −2
J101622.60+470643.3 z0.252326 0.252326 0.000100 C III 14.57 0.01 −2
J101622.60+470643.3 z0.252326 0.252326 0.000100 Mg II 13.52 0.02 −2
J101622.60+470643.3 z0.252326 0.252326 0.000100 O I 14.12 0.24 −1
J101622.60+470643.3 z0.252326 0.252326 0.000100 Si II 13.69 0.10 0
J101622.60+470643.3 z0.252326 0.252326 0.000100 Si III 13.84 0.02 −2
J101622.60+470643.3 z0.252326 0.252326 0.000100 Si IV 13.47 0.24 −1
J101622.60+470643.3 z0.252326 0.252326 0.000100 S II 14.58 0.24 −1
J101622.60+470643.3 z0.252326 0.252326 0.000100 S III 14.03 0.24 −1
J111132.20+554725.9 z0.463336 0.463336 0.000100 H I 17.80 0.05 0
J111132.20+554725.9 z0.463336 0.463336 0.000100 C II 14.65 0.03 −2
J111132.20+554725.9 z0.463336 0.463336 0.000100 C III 14.48 0.01 −2
J111132.20+554725.9 z0.463336 0.463336 0.000100 Mg II 13.68 0.01 −2
J111132.20+554725.9 z0.463336 0.463336 0.000100 N II 14.43 0.12 −2
J111132.20+554725.9 z0.463336 0.463336 0.000100 N III 14.67 0.02 −2
J111132.20+554725.9 z0.463336 0.463336 0.000100 O I 14.21 0.05 0
J111132.20+554725.9 z0.463336 0.463336 0.000100 Si II 14.34 0.25 0
J111132.20+554725.9 z0.463336 0.463336 0.000100 Si III 13.76 0.04 −2
J111132.20+554725.9 z0.463336 0.463336 0.000100 S III 14.26 0.09 0
J122106.87+454852.1 z0.470171 0.470171 0.000010 H I 17.80 0.15 0
J122106.87+454852.1 z0.470171 0.470171 0.000010 C III 14.55 0.02 −2
J122106.87+454852.1 z0.470171 0.470171 0.000010 Fe II 13.51 0.04 −2
J122106.87+454852.1 z0.470171 0.470171 0.000010 Mg II 13.71 0.02 −2
J122106.87+454852.1 z0.470171 0.470171 0.000010 N III 14.87 0.05 −2
J122106.87+454852.1 z0.470171 0.470171 0.000010 O I 14.30 0.24 −1
J122222.55+041315.7 z0.654700 0.654700 0.000100 H I 17.55 0.10 0
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J122222.55+041315.7 z0.654700 0.654700 0.000100 Mg II 13.50 0.05 −2
J132652.44+292534.7 z0.727500 0.727500 0.000100 H I 17.90 0.10 0
J132652.44+292534.7 z0.727500 0.727500 0.000100 Mg II 13.36 0.05 −2
J132652.44+292534.7 z0.732400 0.732400 0.000100 H I 17.20 0.30 0
J132652.44+292534.7 z0.732400 0.732400 0.000100 Mg II 13.08 0.03 −2
J134447.55+554656.8 z0.552615 0.552615 0.000100 H I 17.25 0.15 0
J134447.55+554656.8 z0.552615 0.552615 0.000100 N III 14.00 0.24 −1
J134447.55+554656.8 z0.552615 0.552615 0.000100 O I 15.35 0.24 −1
J134447.55+554656.8 z0.552615 0.552615 0.000100 O II 14.39 0.18 0
J134447.55+554656.8 z0.552615 0.552615 0.000100 O III 14.67 0.07 −2
J135726.26+043541.3 z0.328637 0.328637 0.000010 H I 17.55 0.05 0
J135726.26+043541.3 z0.328637 0.328637 0.000010 C II 13.60 0.24 −1
J135726.26+043541.3 z0.328637 0.328637 0.000010 C III 12.48 0.24 −1
J135726.26+043541.3 z0.328637 0.328637 0.000010 Mg II 11.84 0.04 0
J135726.26+043541.3 z0.328637 0.328637 0.000010 N II 13.68 0.24 −1
J135726.26+043541.3 z0.328637 0.328637 0.000010 N III 13.45 0.24 −1
J135726.26+043541.3 z0.328637 0.328637 0.000010 O I 13.80 0.24 −1
J135726.26+043541.3 z0.328637 0.328637 0.000010 S II 14.48 0.24 −1
J135726.26+043541.3 z0.328637 0.328637 0.000010 S III 13.69 0.24 −1
J135726.26+043541.3 z0.328637 0.328637 0.000010 Si II 12.43 0.24 −1
J135726.26+043541.3 z0.328637 0.328637 0.000010 Si III 12.33 0.24 −1
J151428.64+361957.9 z0.410675 0.410675 0.000100 H I 17.75 0.05 0
J151428.64+361957.9 z0.410675 0.410675 0.000100 C II 14.82 0.07 0
J151428.64+361957.9 z0.410675 0.410675 0.000100 C III 14.53 0.03 −2
J151428.64+361957.9 z0.410675 0.410675 0.000100 O I 14.38 0.24 −1
J151428.64+361957.9 z0.410675 0.410675 0.000100 Si II 13.30 0.24 −1
J151428.64+361957.9 z0.410675 0.410675 0.000100 Si III 13.47 0.19 0
J151428.64+361957.9 z0.410675 0.410675 0.000100 S II 15.17 0.24 −1
J151428.64+361957.9 z0.410675 0.410675 0.000100 S III 14.44 0.24 −1
J152843.91+520517.7 z0.580900 0.580900 0.000100 H I 17.27 0.10 0
J152843.91+520517.7 z0.580900 0.580900 0.000100 Mg II 13.65 0.05 −2
J154553.63+093620.5 z0.474040 0.474040 0.000100 H I 18.15 0.25 0
J154553.63+093620.5 z0.474040 0.474040 0.000100 C II 14.88 0.03 −2
J154553.63+093620.5 z0.474040 0.474040 0.000100 C III 14.48 0.02 −2
J154553.63+093620.5 z0.474040 0.474040 0.000100 Mg II 13.98 0.01 −2
J154553.63+093620.5 z0.474040 0.474040 0.000100 O I 14.50 0.12 0
J154553.63+093620.5 z0.474040 0.474040 0.000100 Si II 14.49 0.08 0
J154553.63+093620.5 z0.474040 0.474040 0.000100 S III 14.33 0.14 0
J163428.98+703132.4 z1.0414 1.041400 0.000100 H I 17.30 0.30 0
J163428.98+703132.4 z1.0414 1.041400 0.000100 Mg II 12.41 0.03 0
J170648.06+321422.8 z0.650500 0.650500 0.000100 H I 18.05 0.10 0
J170648.06+321422.8 z0.650500 0.650500 0.000100 Mg II 13.51 0.01 −2
J215501.50-092224.9 z0.080923 0.080923 0.000001 H I 17.98 0.05 0
J215501.50-092224.9 z0.080923 0.080923 0.000001 C II 14.70 0.05 −2
J215501.50-092224.9 z0.080923 0.080923 0.000001 C III 13.50 0.05 −2
J215501.50-092224.9 z0.080923 0.080923 0.000001 O I 14.47 0.05 0
J215501.50-092224.9 z0.080923 0.080923 0.000001 Si II 13.95 0.03 −2
Table A1 continued
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Table A1 (continued)
ID zabs σzabs Ion logN σlogN Flag
[cm−2] [cm−2]
(1) (2) (3) (4) (5) (6) (7)
J215501.50-092224.9 z0.080923 0.080923 0.000001 Si IV 13.53 0.37 0
J215501.50-092224.9 z0.080923 0.080923 0.000001 S II 13.70 0.25 0
J215501.50-092224.9 z0.080923 0.080923 0.000001 S III 14.19 0.06 0
J215501.50-092224.9 z0.080923 0.080923 0.000001 Fe II 13.59 0.14 −2
Note—The flag column has the following definition: 0 = detection (not saturated or contaminated);
−1 = upper limit; −2 = lower limit (due to saturation of the line).
